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1. INTRODUCTION 


In preparation for my forthcoming book The Scientist in the Early Roman Empire it became 
necessary to fill a gap in the literature on ancient education. Past treatments of that subject have 
glossed over the question of science education specifically, at most providing a few cursory 
paragraphs of largely superficial analysis, sometimes even confessing it to be inadequate. 
Accordingly I had to provide a thorough analysis of the evidence on my own for my Columbia 
University dissertation, and the resulting chapter there is here expanded as an independent 
monograph.! The present book provides a generalized survey of the entire ancient education 
system as it was in the early Roman Empire, wherein the significance of science in its curriculum is 
emphasized.” And by “science” in this context I mean knowledge of the natural world, actively 
pursued by empirical means, with an ongoing concern for developing and employing valid methods 
of drawing conclusions from observations. 

The thesis I shall explore in my next book on the subject of ancient science is whether ancient 
scientists (then known as “natural philosophers”) were marginalized or perceived with indifference 
by the educated or empowered elite. Many historians have claimed they were, and then argue that 
this attitude explains the failure of the ancients to realize the great Scientific Revolution hailed in 
modern times. Both claims are dubious. Even more dubious is the claim that the seminal change 
responsible was the introduction of Christian values in the education system, paving the way for the 
ensuing revolution. Nevertheless, in pursuit of all three claims, an important indication of social 
attitudes toward the natural philosopher is that science and natural philosophy were not considered 
very important in early Roman education.* Other achievements were regarded as far more 
valuable, particularly the ability to speak well in public and in court, and to write with an 
impressive literary style. As we shall see, these were almost the exclusive aims of all Roman 
education except at the highest levels of instruction, and even then only a select few pursued 
studies that involved a broader acquaintance with science and natural philosophy. This does not 
entail any actual hostility toward natural philosophers and their work, but it does imply a certain 
level of indifference toward them, since literary and verbal achievements were more valued. 

These conclusions can be misleading, however. Any comparison with modern education, for 
example, is not entirely apt. Science has gradually become a required and more widely pursued 
subject of modern education at all levels, but in most respects this is a product of the Scientific 
Revolution and its subsequently observed benefits, which obviously had not transpired in the 
ancient world. In a sense the elevation of science in modern education reflects the same values that 
motivated the ancients: then as now, the education most widely embraced in a society emphasizes 
the learning that is most likely to produce a good living or maintain an elevated social status, since 
it is by mastering certain subjects that one can enter a good career or avoid derision as an 


unlearned ‘hick’. In antiquity the subjects that could gain these ends were literature and eloquence, 
not science or mathematics, or even a merely practical literacy, unlike today. This does mean the 
ancient social system rewarded classical literacy and eloquence far more than science or 
mathematics, almost the exact reverse of the situation now, but this does not entail that science and 
mathematics had negative or no value, any more than erudition or eloquence have negative or no 
value today. 

Any attempt to attribute the ‘lack’ of a scientific revolution in antiquity to an apparent absence 
of value for science in the prevalent educational system must find a more relevant comparison. And 
for that, historians of the Scientific Revolution need to know how widely scientific subjects were 
actually taught in primary and secondary education before the 17th century. Studies of medieval 
university curricula do not apply to that question, since few among the population of the time 
would ever have advanced so far, if they received any education at all.” So if medieval primary and 
secondary education did not significantly differ in subject material from their ancient counterparts, 
or in the numbers thus educated, the question then becomes whether and to what extent late 
medieval higher education differed from ancient higher education in these respects. And it is not 
likely to come out well by comparison. The actual science content of medieval universities was very 
limited and circumscribed, consisting almost entirely of a limited survey of Aristotle (already 
scientifically obsolete even in the early Roman era) and (for medical students) Hippocrates and 
Galen, and the methods taught were predominantly not empirical. In any school there was 
typically only one mathematics professor (who was not even an engineer and rarely even a 
productive astronomer) for every dozen or so professors of medicine (none of whom taught any 
hands-on dissection, apothecary, or experimental methods). Improvements in these respects only 
began in the 16th century, and thus again were more a product than a cause of a then-ongoing 
Scientific Revolution. In fact, universities did not conduct or promote new research, and to the end 
of the 17th century no actual scientific discovery was ever made in a university. What we take for 
granted now in educational aims and standards is in fact largely a product of the mid-20th century, 
when the nuclear and space programs launched science and engineering as pervasive nationalist 
concerns. And though in America a slow and limited development toward increasing science 
content in primary and secondary schools had begun in the late 18th century, that’s again well after 
the Scientific Revolution—and even then it was only in the later 19th century that any science 
content could be called typical in American schools.’ Indeed, even in England, often credited with 
driving the Scientific Revolution as we know it, as late as the dawn of WWII “the British 
government and educational systems treated applied mathematics and statistics as largely irrelevant 
to practical problems. Well-to-do boys in English boarding schools learned Greek and Latin but not 
science and engineering, which were associated with low-class trades,”® which description would 
just as well fit schools in the United States before the American Revolution. It’s unlikely we'll find it 
to have been much different in the Middle Ages. Or after. A rising craze for mathematics in the 


16th and 17th centuries is often noted, for example,’ but standing back and looking at European 


society as a whole, this appears only to have occurred in rarified circles, just as in antiquity. The 
only difference is that far more sources have survived from the later period, creating only an 
illusion of more interest and activity. 

Though a more focused analysis of the actual facts of medieval education must be left to 
another study, the other half of this comparison shall be provided here: what was the Roman 
educational system really like in these regards? We will then compare pagan and Christian 
educational ideals, to see if any stark differences remain, because any subsequent change in 
Christian values (such as during the Middle Ages) cannot be attributed to Christianity in any 
original sense. In fact such values may represent only a recovery of what had already been pagan 
values before Christianity monopolized Western culture. 


1. Richard Carrier, “Attitudes Toward the Natural Philosopher in the Early Roman Empire (100 B.C. to 313 A.D.),” dissertation 
(Ph.D.), Columbia University (Department of History), completed in 2008. The remainder of that dissertation is currently being 
expanded into my full-length treatment of the Roman scientist. 


2. Note that in the present volume I will frequently cite (in addition to leading scholarship) standard academic reference works like the 
Oxford Classical Dictionary (OCD) and the Dictionary of Scientific Biography (DSB) (see bibliography for a complete abbreviation 
key), not only for the benefit of lay readers, but also because they contain summaries and bibliographies of the state of the field of 
interest even to experts, and many entries even professional readers might not know are in them, and it’s worth reminding them of 
these valuable resources, especially for topics outside their usual field of study. 


3. Most competently argued in Hannam 2009; but for a refutation of key elements of his case (and, more directly, of all less competent 
defenses of the same thesis) see Carrier 2010. See also Efron 2009 and Gruner 1975. 


4. In this book I shall use “Roman” to refer to all Greek or Latin speaking inhabitants of the Roman Empire (whether actual Roman 
citizens or not). 


5. On the nature and origins of the university system, which arose after the 11th century, see Ferruolo 1998, Pedersen 1997, De Ridder- 
Symons 1992, Hastings 1987, Bowen 1975, and Haskins 1923 (with one possible exception in the East, the rather unique Academy of 
Constantinople, founded in the 5th century, developed in the 9th, and disbanded in the 14th: see Markopoulos 2008, Constantelos 
1998 and, though perhaps less reliably, Kyriakis 1971). For a broad, although fairly unsophisticated introductory survey of the 
development of education from Greece, through Rome, into the Middle Ages and then the modern era, see Dobson 1932. For a 
broader multicultural survey of ancient education, see Bowen 1972. 


6. See Rossi 2001: 192-202. It should also be noted that medieval students did not enjoy the same intellectual liberty that ancient 
students did (largely due to attitudes detailed here in chapter seven). See Freeman 2002, esp. where supported by Carrier 2010: 419 n. 
56. 


7. Reese 2005. 


8. McGrayne 2011: 63. Evidence of this largely dismissive attitude toward science and mathematics in modern educational systems 
prior to the atomic bomb can be found throughout the 18th, 19th, and early 20th centuries. Evidently the aristocratic attitude 
underlying it was not diminished even by the Scientific and Industrial Revolutions: e.g. D. Lee 1973: 70-71 and Green 1990: 470-73 and 
855 (notes 38 and 39). 


9. e.g. Nahin 1998: 8-47. 


2. WHO WAS EDUCATED 


There was no formal educational system in the ancient world, but there was an ‘educational system’ 
in the broader sociological sense. Within the Roman empire, a more or less standard set of curricula 
advancing through several levels of educational achievement was almost universally available to 
those who had the time and money for it. But as Henri Marrou aptly put it, “in any society a high 
degree of culture is the privilege of the favored few, and in all ancient societies, which were highly 
aristocratic in form, these favored few were very few indeed.”!° Obviously, then, the question of 
how much natural philosophy entered general education during the Roman period is superseded 
by the question of how much of the population received any education at all. Since most people 
received none, it follows that most people received little or no exposure to science and natural 
philosophy. Although Greco-Roman culture provided a notable exception to this assumption in the 
popularity of public declamation, which I'll discuss in a later chapter, the scientific content of this 
entertainment was not pervasive. Education mattered a great deal more. But even within the 
smaller subset of the population who acquired at least some education, most of them would not 
advance very far. Just like today, at every stage higher on the ladder of education one can expect to 
find fewer and fewer people.'! With all this in mind we need to ask two questions in this chapter: 
who received an education in the Roman period and how much science and natural philosophy 
would that education have conveyed to them? The latter question will receive a more detailed 
answer as we proceed through the following chapters. 

First, the Roman population was divided into slave and free, and in most cases slaves would 
only receive the education their owners paid for, which admittedly did happen a lot, since literate 


and educated slaves were more valuable and always useful.!? 


But given that in all agricultural 
societies the demand for manual labor always far exceeded the demand for secretaries and other 
educated professionals, it is reasonable to assume that only a small proportion of slaves were 
educated, though possibly greater than the proportion of the free who were, especially among the 
landworking poor, since an educated slave was worth more, and there may have been more among 
the wealthy willing to finance the education of a slave than of a free person. Second, among the 
free there was a fading distinction between actual Roman citizens and noncitizen inhabitants of the 
Roman empire. That distinction was outright eliminated by Emperor Caracalla when he made 
citizenship universal in 212 A.D.! But even before that there is no clear sense in which Roman 
citizens had any greater access to education than non-citizens. There were a variety of municipal 
educational charities (which TIl discuss in chapter eight), where having the local citizenship of a 
particular metropolis could improve a freeman’s access to education, but that remained the case 
even if they weren’t Roman citizens specifically. Roman citizenship alone had only the advantages 
of lower taxes—with one possible exception: the thousands of native Italians who benefitted from a 


special welfare program instituted by Emperor Trajan at the dawn of the second century A.D., and 
the beneficiaries of similar charities established in Italy and beyond by private benefactors and 
subsequent emperors.!4 These did not provide for education specifically, but might have made 
education more accessible by supplementing the income of poor families, especially in Italy. But in 
the end, one’s status as a slave or citizen did not matter with regard to educational opportunity as 
much as gender or wealth—whether one’s own wealth or that of one’s family, patron, or owner. 

It’s worthwhile to analyze the ancient educational system from the perspective of women, as 
with a good understanding of their situation, the far more privileged situation of men comes into 
sharper relief. Though women were not formally or legally excluded from education at any level, 
resources and opportunities for education were distributed in favor of men.” Given the prevailing 
prejudices, assumptions, and socio-economic realities of the time, families would sooner scrape 
pennies to send a son to school than a daughter, and this preference would become more acute the 
higher the educational level concerned. Conversely, the wealthier the family the less pressing such 
choices would be. But in any case, women were expected to concentrate on raising families, while 
men were more welcome in education at higher levels, or else had a far greater opportunity to 
materially benefit from it. The latter point is particularly noteworthy. As of the Ist century A.D., 
women could not advocate in court and were apparently not much appreciated as public orators or 
philosophers, hence they could not benefit from a rhetorical or philosophical education in the way 
a man could.’° For instance, when Quintilian has occasion to list examples of rhetorically educated 
women, all of them precede him by more than a century. The most recent was Hortensia, who 
delivered an oration during the triumvirate (43 - 32 B.C.) that was so impressive, Quintilian says, 
that it was still read in schools.!’ There is also an inscription at Delphi that appears to honor a 
woman for her oratory in the 2nd century A.D.'® But these were certainly exceptional. We do not 
hear any examples of women making a career out of public speaking. 

Female philosophers are likewise rarely heard of, though not unknown, being far more 
common than female orators.!? Though only writing at the end of the 3rd century, when the 
Roman social system was already in decline, the Christian educator Lactantius reports the fact that 
Epicureans, Platonists, and Stoics had long wished slaves and women to receive an education in 
philosophy, but had never succeeded in realizing this dream.” This cannot be really be true. 
Lactantius falsely claims, for example, that only one woman was ever educated in philosophy in the 
whole of human history—and yet he names Themistoclea but not, for example, Hipparchia or 
Arete.”) At the same time he claims only one slave was ever taught philosophy in the whole of 
human history, which is certainly untrue—again, he names Phaedo but not, for example, Epictetus. 
Both remarks are therefore hopeless exaggerations. But even exaggerated, this at least entails that 
Lactantius personally did not know of many female philosophers—at least, they could not have 
been common or else his hyperbole would have appeared ridiculous.’” He also fallaciously conflates 
being a philosopher with merely being taught philosophy, so his remark obscures whether he knew 


of any female students of philosophy. There must have been many women who studied some 
philosophy without going on to teach it or write about it (as we'll certainly see in later chapters). 

Though female orators and philosophers were rare, other occupations that required an 
education specifically in scientific subjects, such as medicine and engineering, seem not to have 
accepted many women in practice, even though again there was no formal prohibition. It is notably 
during the late Hellenistic and early Roman period, however, that we start to see evidence of 
female doctors—not merely educated midwives, which had long been known, but actual surgeons 
and physicians.” The same evidence confirms this was not a common sight, but their existence 
entails that some women could receive considerable education in the sciences, even if only in 
exceptional cases. So it is not surprising to find Galen (in the late 2nd century A.D.) endorsing 
Plato’s view that women are as intellectually capable as men in all the sciences as long as they have 
the same education, while even the ideal midwife described and recommended by Soranus appears 
hardly less skilled and educated than many scientific doctors of his time.*4 Nevertheless, such 
enlightened attitudes toward women in antiquity resembled more those of the 19th century than 
the 20th.”° There is otherwise only one known example of a female astronomer (Hypatia) and only 
one known female expert in harmonic science (Ptolemais), and one other mathematics professor 
(Pandrosion) who would have had some understanding of mathematical sciences (since in 
antiquity one did not study mathematics apart from science, as such a distinction only arose much 
later).2° There is no evidence of female engineers, and there probably were none given the 
mechanical labor and inconvenient circumstances such a job would involve, and the associated 
social expectations, especially since engineers commonly worked in the army or on construction 
sites in positions of authority over men. Some women may have been able to avoid these barriers by 
carving out a narrower niche in mathematics (Pandrosion), astronomy (Hypatia), or harmonics 
(Ptolemais), since these required only working privately with instruments (and we know there were 
some female craftsmen in various trades). The fact that we know only one name from each science 
does not mean there were no others—to the contrary, odds dictate there must have been others, for 
us to have known of even these. But they were clearly rare. Similar problems and attitudes may 
have limited the number of women even in occupations that did not require as much training, such 
as secretary or librarian, or even schoolteacher, although real opportunities for women in some of 
these fields did exist.?” 

For these reasons and others, women did not have equal access to resources and opportunities 
for education in the Roman empire, though the disparity grew in proportion to educational level 
and shrank in proportion to wealth. In the first respect, social and economic realities would 
conspire to ensure that women would be increasingly excluded the higher they got in educational 
achievement, but there is ample evidence of many women in the lower stages of the Roman 
educational system, and of some in the higher stages. In the second respect, elite women were 
expected to have an education, especially by prospective husbands of status, and thus it would be 
rare for the daughter of an elite family to go without an education. This same fact would imply that 


among the middle classes a woman’s prospect for social advancement through marriage could 
depend on having at least a modicum of this expected educational refinement. So there may have 
been a higher proportion of educated women among the middle class than of educated women 
among the poor, though still nowhere equal to the proportion among the upper classes.7® 

A famous example is Julia Domna, wife of emperor Septimius Severus and mother of emperor 
Caracalla, who patronized and associated with philosophers and intellectuals for about twenty years 
(in the late 2nd and early 3rd century A.D.) and may have been a philosopher herself, though we 
hear no specifics of Julia’s education.” Likewise queen Cleopatra, who in the 1st century B.C. was 
famed not only for speaking and writing numerous languages but also for hobnobbing with doctors 
and philosophers, evincing a considerable education.*°° Though these women represent the ultra- 
elite, the sources do not suggest their educational achievements were unusual for elite women 
generally. For example in the 2nd century A.D. the patroness of Nicomachus, described in the 
opening chapter of his Manual of Harmonics, was quite evidently well educated and keen to read 
books on harmonic theory. And many other examples can be found, both epigraphic and literary.*! 

An example of such an exceptional upper-class woman is Pompey’s wife Cornelia, who was 
renowned for having studied literature, music, and geometry and attending lectures in 
philosophy.*? This was clearly a point of admiration that made her more attractive. Plutarch further 
adds that Cornelia did not have the “annoying inquisitiveness” that other women do who 
undertake such studies, which entails Plutarch was familiar with many similarly educated women 
in his own day. The fact that he found their excessive queries unladylike could simply reflect a 
prevalent male chauvinism in Roman culture, but it could also reflect the fact that women did not 
get as much opportunity to study intellectual subjects as men, and hence on the rare occasions they 
were permitted to, they tried to get the most out of it—resulting in behavior Plutarch uncharitably 
perceived as annoying. Juvenal likewise reveals there were many educated women in high society 
who were fully bilingual in Latin and Greek and knew literature, philosophy, rhetoric, and 
mathematics, and it’s worth pointing out that he lambasts such women only when they showed off 
or argued too much or otherwise behaved unseemly for a woman, so he does not otherwise attack 
the notion of women being educated.*? So the remarks of both Plutarch and Juvenal confirm it was 
not rare but nevertheless uncommon for women to be educated to a fairly high level, although 
even when they were, men still expected women to behave as they should, an attitude that would 
have limited both encouragement and opportunities for educational advancement. 

Nevertheless, Plutarch expected cultured women to study geometry and astronomy and at least 
a little philosophy: 


For a woman studying geometry will be ashamed to be a chorusgirl, and she will not accept 
the stench of magic charms if she delights in the words of Plato and Xenophon. And if 
anyone claims the ability to call down the moon, she will laugh at the lack of sense and 
education of the women who believe these things, not being unschooled in astronomy 


herself.°4 


He adds that an educated woman will have heard the story of the witch Algaonike who tricked 
women by claiming to be able to darken the moon when she already knew an eclipse was coming.’ 
Hence Plutarch’s point is that educated women will be forearmed against such cons. Though this 
cannot have been usual, Plutarch clearly did not imagine his advice to be unrealistic. He was 
serious in his insistence that women must not be allowed to have their minds infected with 
nonsense, and the best vaccine against this was a good education, ideally as good as her husband’s 
—which tells us something about the education men were assumed to have.’ He also argues that a 
woman will think better of herself and behave better, too, if she partakes of “what the Muses bring 
and bestow upon those who admire education and philosophy.”*’ That a man could educate his 
wife in natural and moral philosophy, or court a woman already so educated, must have reflected 
reality on some scale, or else Plutarch’s advice in this regard would have sounded ridiculous to the 
ears of anyone who read or heard it (and unlike Lactantius, Plutarch was not as accustomed to 
saying ridiculous things). It might not have been routine among the elite or the aspiring upper 
middle class, but it could not have been bizarre either. Still, this did not mean many women 
actually attended rhetorical schools or spent much time attending philosophy lectures—the 
education Plutarch imagines required only a modicum of exposure to the arts (as I'll show in 
subsequent chapters), which could have been completed before a woman reached marriageable 
age. Nevertheless, Plutarch was not alone in perhaps hoping for more. In the first century A.D. the 
revered Stoic sage Musonius Rufus specifically argued that women were as competent as men and 
ought to receive the same education, up to and including philosophy, which for any Stoic would 
have included natural philosophy.’ 

Though women among the wealthy and reasonably well-to-do could find nearly equal 
educational opportunities as men, at least up to a certain level of study, those less well-off would be 
in a completely different situation. As already noted, insofar as a family could afford any education 
at all for their children, they would be far more likely to invest what they had in educating their 
sons rather than their daughters, for all the above reasons.*? But few among the poor would be able 
to send even a son to school, and this would include most freed and freeborn families in the 
Roman empire. A pseudonymous treatise on education written sometime during the early Roman 
empire recognizes that there was a concern for the education of the poor, but it does not offer a 
solution. “My dearest wish,” the author says “would be that my scheme of education should be 
generally useful,” but “if some, being needy in their private circumstances, shall be unable to avail 
themselves of my directions, let them lay the blame therefore upon fortune and not upon him who 
gives this counsel.” In other words, when the question “What about the poor?” did come up, the 
effective response was, “Oh, they're just screwed. Thats not my problem.” As the author says, 
“Even the poor must endeavor, as well as they can, to provide the best education for their children, 


but, if that be impossible, then they must avail themselves of that which is within their means.”?? 


Thus, it was simply expected that families had to pay for their children’s education out of their own 
pocket, or manage somehow on their own. As we shall see later, there were some exceptions in the 
form of state, community, and private foundations for the education of children among the more 
successful Hellenistic city-states, many of which survived into Roman times, while similar charities 
were on the rise (or being restored) under the early Roman empire. But the extent of their reach 
has been questioned. Such foundations were certainly not universally available. In the communities 
that had them, they would have expanded the pool of children who had access to education, but 
they did not necessarily guarantee that every child got in. There are indications that parents still 
had to find the means to pay some of the expenses, and those expenses would multiply with the 
number of children, and increase again at every stage of education.*! 

After surveying all the available evidence, including the presence and nature of these 
educational charities, William Harris concludes that access to education was still greatly limited 
even to the free, much less the slave population. Since literacy is essential for “really large quantities 
of precise information” to be passed on, especially “to minds that were by no means exceptional” 
(which would describe most even among the elite), any significant dissemination of scientific lore 
would have been effectively impossible without first disseminating a basic literacy to the populace.*” 
But “the classical world, even at its most advanced, was so lacking in the characteristics which 
produce extensive literacy that we must suppose that the majority of people were always illiterate” 
and therefore, for the same reason, we can expect the majority did not learn much about science or 
natural philosophy.*? This does not mean they absorbed nothing of these subjects, since oral lore 
would disseminate some knowledge (although through many distorting filters). But real theoretical 
understanding of any scientific fact or field would be unlikely. As Harris notes, modern-scale 
literacy “could not have happened” in the Roman period “without radical changes in the 
educational and social systems and some unimagined change in the technology used for 
reproducing the written word.” His point being that such a scale of literacy as is seen today is not 
possible without a massive state or social infrastructure that was clearly not present in antiquity, 
and is very unlikely without certain innovations in technology that were also not available at the 
time, like the printing press, the erasable pencil, cheap paper, or even the chalkboard (though wax 
tablets, potsherds and other kinds of trash, and sandboxes, are widely attested as serving the same 
function in antiquity). 

The well-to-do among the Greeks—those of “gymnasium” status or the social equivalent and 
above—did value and strive for universal literacy within their class and probably nearly achieved 
it.° For them it was a matter not just of necessity, but of status and prestige. This was especially the 
case for those in positions of significant power or influence, where an uncultured man could 
become a target of ridicule or social exclusion or be passed over for favor or advancement. The 
situation was somewhat similar among the Latin colonies and territories—even if not as pervasively, 
men of the equivalent “curial class” and above were probably literate, the more so the nearer to 


Rome, in either geography or civic prosperity.*° But below the level of the “gymnasial” or “curial” 


classes, however—in other words, for the considerable majority of the population—the situation 
was very different. Among artisans, who comprised the social equivalent of a ‘blue collar’ middle 
class, many, Harris says, “took a negligent or wholly uninterested attitude towards the education of 
their sons” and consequently were only occasionally literate themselves, and probably only as much 
as was practical or useful.*” And again, many slaves were literate, but in proportion to the total 
slave population, only very few, those lucky enough to be groomed for managerial, secretarial and 
administrative positions, in and out of government. And far fewer of those would have had the 
time, means, and inclination to pursue advanced studies. Like the majority among the artisan class, 
most slaves surely settled for, or only received, what met their practical needs.*® Finally, outside 
cities and sizable towns, literacy was rare and limited even for the higher ranking residents of any 
village or country district, due to the diminishing availability of teachers and resources.*? 

Overall, on more than reasonable grounds Harris estimates that even in the most literate cities, 
regions, or provinces, fewer than 15% of the population during the early Roman Empire was 
reasonably literate, and fewer than 5 or 10% among the remainder.” Even for Italy, “the evident 
feebleness of the school system and the general shortage of interest in financing it” as well as “the 
lack of imperatives which might have led the well-to-do to take an interest in the education of the 
free-born poor,” plus “the evidence for the illiteracy or semi-literacy of some well-to-do freedmen,” 
all indicate that literacy was by no means an achievement of the majority, and these conditions 
would only have been worse outside areas long under the sway of Greco-Roman cultural 
influence.°! In the Latin West “there was no special effort to educate more than a very few of the 
local population” and though Greek populations of the East more firmly embraced an ideal of 
widespread literacy, there were only isolated attempts to produce it.°* Ultimately, while the elite 
could be expected to have achieved universal literacy among themselves, and “in every city some of 
the more ambitious merchants and artisans also came to be literate or semi-literate,” the majority of 
city populations would not fall into either category, while in the provincial countryside, “literacy is 
unlikely to have extended much beyond landowners and their specialized slaves.”°* Of course it 
was unlikely to be any different in the Middle Ages. 

Despite attempts to argue otherwise, the data simply do not support more optimistic numbers.” 
For example, a recent team of scholars has argued from surviving tax records that the ratio of 
grammarians to children in Egypt averaged 1:165 in the 3rd century B.C. and conclude that this 
confirms “widespread diffusion of Greek education in the Egyptian countryside, against Harris’ 
more pessimistic view.”°° But that does not follow. As they note themselves, many of those counted 
as teachers were not actually teachers but teachers’ wives and dependents, and most of the actual 
teachers in those records would have been teaching in cities and major administrative centers, not 
“in the country.”°° And even for the general populace 1:165 is not that impressive—by comparison, 
the ratio of teachers to children in the U.S. is in the vicinity of 1:15.°” Any ancient ratio also cannot 
be overgeneralized. The economic realities of antiquity must be taken into account. For example a 


country estate may have one teacher in its employ for the children of its wealthy landowners, but 
that does not mean the twenty villagers next door were enjoying a teacher-child ratio of 1:20. For 
example, Clarysse et al. found a teacher-child ratio of 1:10 for (only) the Greek inhabitants of the 
town of Lagis, which had a total population of around 600, but Greeks there were a small minority, 
and they may have been recently settled families of considerable wealth. In fact, there were only 21 
adult Greek men in Lagis, only 2 of whom were registered as teachers, and possibly one of those 
was the dependent of the other.°® If there were only one wealthy family in Lagis, their distance 
from a major urban center would necessitate hiring a teacher for their children, who may have 
been the sole teacher in Lagis, and who may have taught the children of a couple of other families 
(as many as could afford it), but this in no way means all the Greek children there were being 
educated, much less the whole population. The resulting 1:10 ratio may therefore reflect nothing 
more than what was typically enjoyed by wealthy elite families, which is wholly unsurprising. When 
we look at the numbers more broadly, there were over 300 children in Lagis, and possibly only 1 
actual teacher, which would make a dismal ratio of no better than 1:300. Even if all the 20 or so 
Greek boys of Lagis were being educated by that one teacher, this would more likely be because 
they were the children of rich landowners or successful professionals, and therefore already 
exceptional. And even then, at our most optimistic, the literacy rate in Lagis would have been only 
20/300, or 674%. Which quite confirms Harris’ estimates. Literacy simply wasn’t widespread. But it 
remains correct to say that literacy did grow more widespread under the Roman Empire, and “a far 
greater proportion of the population of the Roman empire could make use of texts than was the 
case in most ancient societies.”°? 

There is also no doubt that the ancient elite greatly valued education. In the 1st century B.C. 
the Latin engineer Vitruvius cites the wisdom of Theophrastus, and the example of a shipwrecked 
Aristippus, and other authorities, to argue that an education is more useful than money, because it 
cannot be lost, seized, looted, or stolen—but more importantly, an educated man is “a citizen in 
every country,” for he will be welcome everywhere and will always find employment or other like- 
minded gentlemen who will take him in.® Among the Greeks, writing near the same time as 
Vitruvius, Diodorus recorded a legendary law of the 6th century statesman Charondas ensuring 
that all children of his community would be taught to read and write. Diodorus cites the example 
with elaborate praise, although (and even if mythical) the context and tone suggests it was 
praiseworthy partly because it was exceptional—it represented an ideal that might have sometimes 
been met, but not an actual universal practice.*! 

Hence when we find observations of the actual state of things among the populace of the time, 
we see most remained without even basic literacy, much less any more significant education. The 
3rd century Christian scholar Origen, for example, observes that most people are in fact 
uneducated, arguing “it is necessarily the case that among the multitude of those overcome by the 
gospel, many times more are commoners and more ‘hick’ than those who are trained in reason,” 
because, Origen says, that’s how the population breaks down, not because Christians focus on the 


‘hicks’.’ Likewise, both Origen and Lactantius note that most people work such long hours just to 
get by that they do not even have time for an education.® Tertullian says “the simple people, not to 
mention the ignorant and inexpert, are always the greater part of believers”—always, because they 
are the greater part of the population being evangelized.** Galen likewise observed in the late 2nd 
century that the “average man on the street,” who would often be “goatherds, cowherds, diggers, 
harvesters” and so on, were illiterate and uneducated.© There were no doubt many urban 
occupations Galen could have named that were equally illiterate, like the cooks, cobblers, 
carpenters, dyers, wool-workers, wool-carders, weavers, and bronzeworkers whom he elsewhere 
implies were typically uneducated. So, too, Pliny the Elder assumes “country folk” are illiterate, 
and Ptolemy expects the same of farmers and shepherds.°” 

The 1st century pagan educationalist Quintilian attacked the belief that the masses are “so slow 
of understanding that education is a waste of time and labor” on them. And Cicero argued, 
against a popular contrary opinion, that even “virtual farmboys” can learn astronomy.°’ But 
although both Cicero and Quintilian said this prejudice against commoners is groundless, and that 
the uneducable are actually rare, the fact that the contrary belief was common enough that they 
had to dissent from it confirms that most people were, in fact, not educated at all, nor expected to 
be. Which means most people in the Roman Empire had no formal exposure to science 
education, either. But as we shall see in coming chapters, apart from the most isolated rural folk, 
the illiterate were nevertheless likely to know something about science, just not very much, and very 
little that was correct even by the standards of the time. Meanwhile a significant minority of the 
population did get some degree of education. And yet, again, on any of these measures the Middle 
Ages are unlikely to have been significantly better, but more likely worse. 

After her meticulous study of the evidence Raffaella Cribiore came to the same conclusion, that 
few people made it even beyond elementary education, much less completed any course of higher 
education, and even from the start “the pool of starting students was incommensurably smaller” 
than today.’ Whether indeed the Middle Ages saw any difference in this respect is for another 
study to determine. But for antiquity, even by the most optimistic estimates, we have most of the 
population receiving no education at all—at least 80%. Of the 20% or fewer who received any 
education, many would not advance beyond rudimentary literacy and numeracy, and it is 
reasonable to expect that no more than half would go on to pursue studies at the secondary level 
(beyond, perhaps, vocationally, which was an educational dead end). That would leave at most 
10% of the population. Of those who got that far, many would continue no further—again, it is 
reasonable to expect no more than half did, so less than 5% of the population would continue to 
higher education. Of them, no more than half again would likely undertake a proper philosophical 
education, since the other opportunities available at that point would be sufficient to satisfy most 
ambitious students, so most would only go on to pursue law or advance no further. That means 
those who would move ahead to the equivalent of graduate studies in any scientific or science- 


related field would be fewer than 2% of the population—probably much less (considering that 
science professors would typically require students to have completed the more advanced 
curriculum at the secondary level which we will examine in chapter five). Therefore, while even in 
the most literate cities no more than 1 in 5 people of the time could have enjoyed the practical 
benefits of a basic literacy and numeracy, it is likely that fewer than 1 in 10 advanced to any level of 
education where some exposure to science or natural philosophy would even be possible, and 
probably fewer than 1 in 50 would ever expose themselves to any significant amount of science- 
related educational content. And at that level we would find mostly free men, very few women or 
slaves, although the numbers of the latter may have been greater among those who took the more 
science-rich curriculum at the secondary level (a possibility we'll examine in chapter five). 

Yet these are excessively optimistic numbers. More realistic estimates would be closer to 10% (1 
in 10) finishing only primary education, 2% (1 in 50) finishing only secondary education, 0.4% (1 
in 250) undertaking any kind of higher education, and 0.08% (1 in 1250) undertaking studies with 
significant science content (whether at the secondary or advanced levels). Even the latter number 
would consist mainly of philosophy students whose interest in science would be divided and often 
exceeded by an interest in ethics or logic. Beyond that, as we shall see, education in an actual 
science (like medicine or engineering or even just a serious passion for natural philosophy in 
general) required special preparatory studies at the secondary level that most students at that stage 
did not pursue, so the actual pool of potential scientists would be far smaller still—and then, of 
course, the pool of actual scientists would be even smaller, and most of them would become mere 
practitioners or professors rather than conducting original research (which is the case even today, as 
most doctors and engineers do not advance their fields). If this 5:1 progression was maintained 
(which, though reasonable, is only speculation), that would mean 1 in 6,250 Romans had the 
opportunity of undertaking a scientific occupation; 1 in 31,250 actually did; and 1 in 156,250 went 
on to conduct original research that advanced their field. 

If, as several scholars estimate, the average population of the Roman empire was 60 million, 
which means on average 40 million over the age of 15, roughly 20 million of whom were men, then 
by these highly speculative figures there would have been about 128 research scientists throughout 
the empire at any given time. That seems excessively high given extant records, which in turn 
implies the progression curve was even steeper than 5:1, which entails that access to scientific 
knowledge in ancient education may have been even more exclusive than just speculated. For 
example, Netz employs a different method to estimate the number of productive investigators in 
the mathematical sciences alone and arrives at a result of much less than 100 at a time.’” However, 
these final estimates should not be mistaken for the number of practicing scientists, who, like today, 
know the science and use it but don’t contribute to its advance. For instance, the number of 
scientific doctors must have been well into the hundreds at any given time merely to account for 
their ubiquitous presence in extant records, and likewise there must always have been hundreds of 
engineers to serve all the legions, attend to all the building demands of Roman ports and cities, and 


maintain the massive hydrological infrastructure of the empire, and the 5:1 progression curve 
would predict this total number of practicing doctors and engineers as being over a thousand, 
which fits expectation. But even if we imagine one or two thousand such scientists in every 
generation, that still equals a small proportion even of the elite. 
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for an Epileptic Boy 3-4 (= Kühn 11.361-62, see Temkin 1934), Galen takes it for granted that all gym teachers (paidotribês) are 
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3. WHAT THEY WERE TAUGHT 


Having established “who” was exposed to ancient education, we need to examine “what” they were 
exposed to, and how much it involved science or natural philosophy. Though there were no formal 
names for different stages of education as there are today, and they overlapped a great deal, it’s not 
unreasonable to apply familiar terms by analogy.” The ancient system can be broken down into 
primary, secondary, higher, and advanced education—although these divisions were not clearly 
made at the time, we can see something like them in practice. Ancient primary or ‘elementary’ 
education usually began at or soon after the age of seven, continued into the pre-teens, and 
involved only the imparting of literacy and simple numeracy (basic counting and arithmetic). 
Ancient secondary education (perhaps closer to what Americans would call middle school) typically 
occupied the early teens and always involved more advanced grammar and basic literary studies, 
and—for some who chose to undertake a more complete course of education and had the time and 
money for it—geometrical and other studies under a separate teacher (which I'll discuss in chapter 
five). Many who received a primary education did not continue—not least because the fees for 
secondary teachers could be four times higher than a primary teacher.’* And of those few who 
completed secondary school, many of them would not continue, thus narrowing even further the 
number who went on to higher education. Those who wanted to enter a lower-level occupation 
such as scribe or accountant could receive specialized training at the secondary level—the ancient 
equivalent of vocational school—and would need to advance no further. But of those who did go 
on to higher education, there were options. 

Ancient higher education frequently began in the mid to late teens and usually consisted of an 
education in declamation and debate, in other words, “oratory” or “rhetoric.” It was possible to skip 
rhetoric and begin a philosophical education instead, so in a sense philosophy was another form of 
higher education (a choice loosely analogous to the modern university distinction between studying 
the humanities or the sciences), but it was common to complete some degree of rhetorical 
education before switching to philosophy, and many philosophy professors included training in 
rhetoric in their curriculum.” Either way, a study of philosophy had to be chosen out of a student’s 
own interest (or his parents’ or patron’s insistence), and the reality is that most students who 
continued into higher education completed or undertook only rhetoric. After that, advanced 
education marks the ancient equivalent of a “graduate degree,” which in antiquity took the form of 
a professional education in medicine, engineering, or some other academic specialty—law being the 
field most commonly chosen (even more so than today). 

Since there was no state regulation of the professions, one could pursue training as a doctor, 
lawyer, engineer, or whatever, by skipping steps in the educational process (e.g. rhetoric and 
philosophy), but this would not likely produce a prestigious career. The real money to be made 


came from the elite, and in the competitive market of the time, a cultured professional had an 
enormous advantage. All the evidence suggests that a Roman gentleman was unlikely to hire 
someone whose lack of polish made him come off as an incompetent hick, especially when he could 
hire someone who had that admired polish. Hence doctors, engineers or lawyers who could 
demonstrate their extensive eloquence and erudition, and exhibit a sharp, practiced mind, would 
obviously do well against their weaker competitors. Thus, a mix of rhetorical and philosophical 
education was essential for those who intended to do well at an advanced occupation. For the same 
reason, the best teachers in the field would not likely take students who did not come to them 
adequately prepared. In both respects Galen’s treatises On the Therapeutic Method, On 
Examinations by Which the Best Physicians Are Recognized, and Exhortation to Study the Arts all 
reveal this standard, and even attempt to improve upon it (although I am certain rhetorically 
exaggerating how often members of the elite ignored it). 

In the previous chapter I concluded the number of practicing scientists in antiquity would have 
been, at most, in the low thousands in any given generation, which was a small proportion even of 
the elite, much less of the general populace. Those scientists will certainly have received as good a 
science education as there was to be had at the time (and I'll explore their education in chapter 
seven). But for every one else who managed an education, as we shall see, the focus was almost 
entirely on developing first a basic, then a cultured literacy, and little else. In Cribiore’s words the 
“idols of the educated public” were orators, not scientists or natural philosophers. Moreover, 
ancient education was built on “subservience to conventional values” that included “no attempt to 
question the transmitted doctrine.””© Teresa Morgan likewise concludes that “what they taught, at 
any given level, recurs again and again in the surviving evidence in remarkably similar forms across 
vast geographic distances, a wide social spectrum and a timespan of nearly a thousand years” and 
yet, “skilled professions such as medicine are absent from texts to do with literate and numerate 
education, and the natural assumption is that they were regarded as a separate area of education,” 
one not widely pursued.” Though there were many ardent proponents of a broad education 
including contact with the sciences, and such an education was available to those with sufficient 
interest and means, such an ideal curriculum simply is not what most students undertook. 

Another issue affecting exposure to educational content was language. Even throughout the 
early Roman empire the language of science remained Greek by both tradition and practical 
necessity, for at least two reasons. First, all past scientific work was in Greek—many centuries worth 
—and thus to build on the past, even to critique it, required the ability to read it, and to interpret 
and comment on it with considerable competence. Second, as we know from the repeated 
complaints of Latin authors like Lucretius and Cicero, Latin lacked a sufficiently precise and 
developed vocabulary in the sciences, yet neologism was considered distasteful among many of the 
Latin litterati.” But the Greeks had already developed ancient sciences to an advanced level, and in 
the process had produced precise and specialized vocabularies in every field. Thus it was simply 
easier to learn Greek than to completely overhaul the Latin language just to play catch-up—easier 


especially since the Latin elite had already fully embraced strong motives to master Greek for 
several other reasons (from the political to the aesthetic), while even those outside the elite had 
frequently to deal with Greeks in the south of Italy, on the coast of France, in Sicily—and in trade, 
everywhere. Therefore, the procedure of bilingualism would obviously have been more useful and 
efficient than a massive program of revising the Latin language and producing mass quantities of 
accurate translations into Latin of centuries of accumulated scientific works in Greek.” 

Insofar as the wealth and traditions of the elite remained strong, this presented no great 
difficulty. A bilingual education for the children of a wealthy Latin family was simply a matter of 
pride and course.®? And Greeks were already masters of the relevant language.*! But the lower 
down the social ladder someone fell in the Latin West, the more a need for bilingual education 
would grow into a barrier to good scientific knowledge. Elizabeth Rawson correctly notes that 
though in the early Roman period the elite held to a tradition of strong bilingualism, even then “it 
is likely that it was harder, and more expensive, to get a good education and buy books (in two 
languages) than it was in the Greek world, and this put the rich, as well as the members of their 


”82 Indeed, to learn a sufficient degree of both 


households and their protégés, at an advantage. 
Latin and Greek required two separate teachers, which doubled the cost to parents, while the 
expected preparatory studies (for advanced scientific education or simply for becoming a well- 
rounded student) required even more teachers and thus even greater expense. Quintilian, speaking 
from twenty years of personal experience, clearly thought it unlikely that a student could master all 
the required preparatory subjects (like geometry, music, and astronomy, as well as Greek and 
Latin) unless he learned them more or less simultaneously, and when he was young and had no 
other duties.’ Yet to procure all these teachers at the same time would have magnified the expense 
to a family many times over. 

On the one hand, this meant that any advanced education in science was only realistically 
possible for those who mastered Greek, which meant the pool of available personnel for scientific 
study would be far smaller among Latin populations. At the same time, this meant those who were 
neither native speakers of Greek nor wealthy or driven enough to procure a fully bilingual 
education, if they received any exposure to scientific content in lower education at all, or even 
through lore and hearsay, it would be through the filter of frequently inaccurate, imprecise, or 
incomplete translations into Latin, which would limit both the quantity and quality of the 
knowledge passed down to them. Hénri Marrou rightly identifies this fact as one of the causes of 
the rapid decline of science in the Christian West relative to the Christian East after the 3rd century 
A.D.** We can see the effect of this decline in science education by comparing the relative quality 
and sobriety of detail in Pliny the Elder’s Natural History or Seneca’s Natural Questions with the 
excessively superstitious and often wildly inaccurate content of their 7th century equivalent, Isidore 
of Seville’s Etymologies—even though all three works were in Latin by Latin authors who were all 
laymen in the sciences yet otherwise among the most learned men of their respective times.” In 
contrast, many of the Greek scientific encyclopedias of the East retained more sober and accurate 


detail, preserving in somewhat better form the achievements of the past, although still imperfectly, 
incompletely, and unimaginatively. 

Hence one can rightly say that under the Christians science stagnated in the East, but actually 
declined in the West. The responsible circumstance was both cultural and economic. After the 
collapse and decline of the Western economies, fewer and fewer people could afford the time or 
expense to finance a bilingual education (much less a massive translation campaign of advanced 
works requiring mass neologism), while at the same time more and more among the middle or 
lower classes, and even from the ranks of barbarian tribes, rose to positions of power and influence 
without a full or bilingual education, breaking the tradition of higher social expectations. At the 
same time, since the split of the empire between East and West fell largely along linguistic lines, 
and a Latin translation of the Bible was already fully embraced, both the need for and interest in 
mastering Greek continually declined. As we'll see in chapter nine, a certain degree of anti-elitism 
among the Christians might have contributed to the effect, who often saw pursuit of the trappings 
of Hellenism to be somewhat vain and pretentious (a point I'll further demonstrate in The Scientist 
in the Early Roman Empire), and ultimately unnecessary when a perfectly serviceable language for 
evangelizing the flock was available. Though some of the Western elite continued to maintain a 
personal or antiquarian interest in Greek, their numbers dwindled, and ultimately there ceased to 
be any strong political, economic, or aesthetic motive for the medieval upper class to master Greek. 
In fact, insofar as bilingualism was thought at all urgent, so-called ‘barbarian’ languages had 
become politically and economically more important. The same motives would have become even 
weaker still among the middle and lower classes of the Latin West. All this placed a dark and 
distorting window between the medieval populations of the Latin West and good scientific 
knowledge, since whatever they had of it only came to them through the filter of often inaccurate, 
imprecise, or incomplete translations—which could only have been compounded by a 
corresponding decline in the availability and quality of education generally, and of scientific values 
in particular.®° 

But in our period of interest, none of this had happened yet, and bilingualism was still a strong 
tradition and the common standard among the Latin elite. But even at Rome’s height, the disparity 
that would consume the West in the Middle Ages would already have been felt across the class 
divide, at least to some degree. The Latin-speaking poor and working class would not likely have 
been sufficiently bilingual to enjoy good access to scientific knowledge in any era, and thus would 
have been at a disadvantage in this respect, compared to poor and working class Greeks. The 
significance of this disparity might not have been great, since plenty of nonsense and error trickled 
down among Greek populations, and ignorance was still the rule, but it shall become clear below 
that access to good scientific knowledge, through actual education or the casual attending of public 
lectures and orations, would have been easier and readier at hand for those already facile with 
Greek than for those who could not afford to be. But even then dissemination of scientific 
knowledge remained limited. 


This conclusion cannot be carried too far, however. For all the reasons surveyed in this chapter, 
access to science content in the ancient education system was certainly limited by a number of 
social, economic, and cultural factors. Yet the exact same disparities and limitations are likely to 
have obtained even during the Renaissance (and were likely even greater in the Middle Ages than 
they were in antiquity), so whether this even amounted to a difference between the two periods is 
questionable. But we must put that question aside for now and move on to discuss how much of 
science the average Roman student would encounter in school. 


73. The following analysis draws on the findings and conclusions developed in Cribiore 2001 and corroborated in the scholarship 
that will be cited in more specific detail as the occasion arises. For a brief yet broad survey of ancient education see OCD 487-91 (s.v. 
“education, Greek” and “education, Roman”) and König 2009. Marrou 1964, once the standard resource, has been updated 
considerably: see Too 2001 and Pailler & Payen 2004 (which also includes a bibliography of books on ancient education published 
after 1964 on pp. 361-68), as well as Wolff 2015 and Sandnes 2009: 16-39; and Bloomer 2011 (for imperial education in Latin). A 
handy if eclectic collection of sources on ancient education is also provided in Joyal, McDougall, and Yardley 2009. 


74. Diocletians Edict on Maximum Prices (EMP) 7 (some of which is in Lewis & Reinhold 1990: 2.425-26; with relevant discussion in 
Harris 1989: 308) established maximum (not typical) prices in a time of extreme inflation at the end of the 3rd century, but these still 
indicate the relative social value of different teachers. Prices are in (inflated) denarii: elementary teacher (paedagogus and magister 
litterarum), 50d per student per month (EMP 7.67-68); elementary math teacher (calculator), 75d (EMP 7.69); shorthand teacher 
(notarius), 75d (EMP 7.70); scholar or librarian (librarius and antiquarius), 50d (EMP 7.71); Greek or Latin grammarian or geometer 
(grammaticus and geometres; the latter would include all teachers of advanced mathematics), 200d (EMP 7.72); professor of rhetoric or 
philosophy (orator or sophistes), 250d (EMP 7.73); and teacher of engineering (magister architectus), 100d (EMP 7.76; Clarke rightly 
notes that this does not mean an engineering teacher held a lower status than a grammarian, it simply reflects the fact that an 
architect would not be a mere lecturer, but already earning a living, and even employing his pupils as apprentices in carrying out his 
other paid work, cf. Clarke 1971: 113-14). Notably, there is no magister medicus or magister astronomus listed, although these might 
have been assumed under sophistes and geometres, respectively. For some idea of the actual values, the maximum wage for a farm 
laborer was only 25d per day (EMP 7.1), which would amount to a monthly take of between 500d and 750d, about what an elementary 
teacher would earn from having ten to fifteen students. 


75. For a general introductory discussion of ancient “higher” education, including rhetoric, philosophy, and the enkyklios paideia, and 
the ages of students embarking on it, see Kleijwegt 1991: 116-23. I'll discuss these studies in more detail in coming chapters. 


76. Cribiore 2001: 239, 247. 
77. Morgan 1998: 3, 6. 


78. Pliny the Younger, Letters 4.18; Pliny the Elder, Natural History 2.13.63; Lucretius, On the Nature of Things 1.136-39, 1.830-33, 
8.258-60; Quintilian, Education in Oratory 8.3.33; Cicero, On the Boundaries of Good and Evil 3.51 and Tusculan Disputations 2.35. For 
qualifications and discussion of this point see Fogen 2000, Brunschwig 2002, Dufallo 2005, and (most importantly) Ostler 2007: 118- 
219. 


79. In later periods, in the West, as Greek education declined, translation was almost the only option left for rescuing scientific texts, 
and as a result very few were saved—most recovered texts in the Renaissance had to be imported. The gradual replacement of Latin 
during the Renaissance with the languages of new rising empires (e.g. English, Italian, French, German) was another case of lingual 
economy, of a rather different kind. Although inhabitants of the Roman Empire had long been not merely bilingual but multilingual: 
Mullen & James 2012. 


80. See, for example, the casual observations of Quintilian, Education in Oratory 1.1.12-14. Adams 2003, and Adams et al. 2002 provide 
detailed discussion (superseding Horsfall 1979, whose evidence is mostly pre-empire and whose analysis ignores comparative studies 
of modern bilingualism). For further context and bibliography: OCD 231-32 (s.v. “bilingualism”). And on the Roman adoption of 
Greek-style education in general: Wallace-Hadrill 1983: 26-49. 


81. Although ordinary Greeks would still have to learn the technical vocabulary of the sciences, which would present an obstacle of its 
own, though not as great (it’s easier to learn new words in an already familiar language, and technical dictionaries were available, e.g. 
Horsfall 1979: 81-82; Witty 1974). 


82. Rawson 1985: 98. 
83. Quintilian, Education in Oratory 1.12.6. 


84. Marrou 1964: 372-88, with 592-94 notes 11-17 (= Marrou 1956: 254-64, 426-27); also argued in Greene 1994: 30 and documented 
(though with excessive rancor directed at the pre-Christian period) in Stahl 1962 and 1971, and more soberly in Diederich 1999. 


85. Clagett 1955: 146-67. This does not mean Pliny and Seneca were immune to the same faults, especially as they were laymen, but the 
difference is a matter of degree, and that difference was enormous (particularly given that the much-maligned Pliny the Elder actually 
had his facts right a lot more often than has been assumed: e.g. French & Greenaway 1986; Healy 1999). Isidore wrote around the turn 
of the 6th and 7th centuries, but Boethius already exemplifies the same decline earlier in the 6th century: DSB 2.228-36 (s.v. “Boethius, 
Anicius Manlius Severinus”), OCD 238 (s.v. “Boethius, Anicius Manlius Severinus”), and EANS 195 (s.v. “Anicius Manlius Seuerinus 
Boéthius”). For similar examples of consequent decline in the same period see Beagon 1992: 52-53, and Stiickelberger 1988: 111- 26, 
179-84. 


86. On the role in all this of a declining Latin-Greek bilingualism see Ostler 2007: 58-104, 203-04, 211-12, 246-49. 


4. LOWER EDUCATION 


Very little science content would be found at the lower rungs of ancient education.” But the basic 
tools needed to access such content were provided. Early in the 4th century the Christian scholar 
Eusebius observed of pagan society, “as for knowledge of things visible to the senses, they did not 
think it necessary to disseminate this very much among the multitude, nor to teach the majority of 
the populace the causes of the nature of what exists,” except, perhaps, as much as might have been 
needed to promote a basic gist of creationism. Though he made this observation somewhat late 
for us to be sure of its pertinence before the changing and chaotic circumstances of the 3rd century 
A.D., it probably reflects the universal reality in all periods of Roman history. As far as we know, 
the Greco-Roman elite made no effort to “educate the masses” in scientific fact or theory (what 
Eusebius means by the ‘causes’ and ‘nature’ of what exists, and by a knowledge of what’s ‘plain to 
see’). Though that may be obvious of Roman society, the same accusation could be leveled against 
the Roman educational system itself: those who entered it were already the privileged or fortunate 
minority, and yet even they were not presented with much in the way of scientific fact or theory. 
Insofar as any philosophy trickled down into standard lower education, it was predominantly moral 
philosophy, logic perhaps second to that, but natural philosophy least of all. As an example, note 
the general absence of natural philosophy as an interpretive or educational concern in Plutarch’s 
treatise How the Young Man Should Study Poetry, which reveals a commonplace emphasis on moral 
over natural knowledge among pagan educators.*? Likewise, the pseudonymous treatise On the 
Training of Children says children should get a taste of every branch of learning, but no more than 
a taste, and though philosophy should be given more attention, this primarily meant, above all else, 
moral philosophy, with a secondary emphasis on political philosophy. Natural philosophy is thus 
slighted again.” 

The first stage of ancient education, the equivalent of elementary school, was entirely occupied 
with basic elements of literacy and numeracy: just reading, writing, and simple arithmetic.”! That 
ancient primary education included arithmetic has been discussed in more detail by Serafina 
Cuomo, who concludes that “people who were literate were as a rule also numerate—that is, able 
to perform the basic arithmetical operations,” although students who were planning to enter a 
mathematical trade (and such trades existed at all social levels, from accounting to philosophy) 
would study more mathematics under a specialist.” But apart from such basic numeracy, literacy 
remained the all consuming interest. This emphasis left no room for any other subjects to enter the 
curriculum. The second stage of ancient education, the equivalent of modern middle school or the 
early years of high school, expanded on this literacy with more in-depth study of literature, mostly 
in the form of poetry or verse, all with the aim of imparting a basic cultural toolbox that would 
prepare the student for rhetorical school or at least provide the ability to hold one’s own in cultured 


company. This training included thorough familiarization with a more or less fixed set of classics, 
combined with some basic skills of interpretation and composition. This was the most common 
experience. The more ambitious students of wealthier parents would at the same time embark 
upon additional studies at this level, in preparation for higher education in rhetoric or philosophy. 
But because these special studies entailed additional time and expense and were seen as what we 
today would think of as ‘college prep’ courses, only a small subset of students at this stage pursued 
them. We will discuss this aspect of ancient education in the next chapter. Our present concern is 
with the content of education that would be experienced by all students at the secondary level. 
Society did not hold elementary teachers in high esteem, and though a widespread value for the 
education they provided kept them pervasively employed, Harris has argued that the lack of 
dedicated buildings “symbolized the lack of interest in elementary education on the part of both 
society in general and the authorities in particular.”?* Such a conclusion, however, is a bit 
hyperbolic, since the availability of buildings was never really a problem. Dedicated school 
buildings may have been rare or even nonexistent, but though Harris doubts it, evidence does 
suggest students were taught in the lecture halls, campuses, and porticoes of public gymnasia, as 
well as in museums, libraries, temples, civic porticoes, and even public forums and basilicas, which 
were used at other times for public business—and, of course, in teachers’ houses (on a model 
similar to the effective use of homes as churches and catechetical ‘schools’ by Christian 


congregations well into the 4th century).”4 


In fact the ancient practice of multi-purposing its 
buildings is arguably more efficient. Nevertheless, elementary teachers were not highly esteemed 
and received little in the way of direct public support.” 

In contrast with elementary teachers, the status of teachers at the secondary level—the 
grammarian or schoolmaster, but also the geometry teacher—was substantially greater, and the 
status of teachers of higher education—primarily the rhetor, sophist, and philosopher—could be 
high enough to warrant actual prestige. Elementary teachers did not impart scientific lore to their 
students (although some trivial amount might have been conveyed simply in passing). But 
secondary teachers did have occasion to impart such knowledge in a small degree. Though this was 
particularly true of the geometer, we shall discuss that later, since only a minority of secondary 
students troubled to study that subject. All other students at this level would only learn of science 
through incidental and piecemeal commentary on the poets. Yet anyone who had received a good 
science education would be less likely to undertake an occupation as a grammarian, since if they 
had gotten that far they would likely also have, or easily be able to acquire, the skills to be a 
philosopher, if not an actual professional (whether, for example, a doctor, orator, engineer, 
astrologer, etc.). This would have the obvious effect of predominately placing teachers at the 
secondary level who had a less than adequate experience with science. So it is reasonable to assume 
that most teachers at this level would not know much if any real science, and whatever they did 
know, could easily have been wrong, inaccurate, incomplete, or mixed up with absurdities and 


nonsense.”° Thus, the average student’s exposure to science in secondary education would not only 


be limited, but could often be flawed and distorted as well. 

Quintilian was aware of this problem and calls upon parents to ensure that their children find 
teachers who have a good grounding in at least basic science and other important fields. Since his 
advice suggests such qualified grammarians had to be sought out, they could not have been 
common, although Quintilian clearly believed a diligent parent could always find one, which 
entails teachers of such competence must have existed (at least in major cities).?” He also says it was 
becoming increasingly common in his day for the introductory elements of a rhetorical education to 
be taught by grammarians in the latter stages of secondary school.” This meant students at that 
level were getting practice in the more rudimentary skills of composition and argument, and 
Quintilian says this involved touching upon nearly every branch of knowledge.” Though he sees 
this as grammarians overstepping their bounds, since he thinks they are not up to the task, the 
practice clearly had become common enough to complain about. And although Quintilian says 
there may have been a few grammarians who were educated enough to manage it, this clearly 
meant most were not. 10° 

Nevertheless, Quintilian expects a competent grammarian to be able to teach some rudimentary 


101 In fact he insists 


skills of speech and argument, and to be well versed in both poetry and prose. 
that “every kind of writer must be carefully studied” by a grammarian, since he will need this in 
order to have a broad vocabulary and expansive knowledge for correctly interpreting the poets for 


his students. 10? 


Among other subjects, Quintilian specifically says a teacher cannot teach the poets 
if he is ignorant of astronomy, because the poets “frequently give their indications of time by 
reference to the rising and setting of stars” and make other references to astronomical knowledge 
and lore. Likewise, “ignorance of philosophy is an equal drawback” for the grammarian, since, 
among other things, “there are numerous passages in almost every poem based on the most 
intricate questions of natural philosophy.” Even today we can see this was true of occasional 
passages in Homer or Virgil’s Aeneid. Indeed, any avid student of Homer would tend to acquire a 
more expansive astronomical and anatomical vocabulary than even a typical modern American 
adult. And besides Homer, Quintilian specifically mentions Empedocles, Varro, and Lucretius as 
among those who “expounded their philosophies in verse,” and this implies, first, that it could not 
have been too unusual for students to study Empedocles, Varro, or Lucretius, at least on occasion, 
and second, that even apart from the study of such rare poets, some oral instruction in science was 
an expected part of secondary education, even if not a very significant one. However, again, 
depending on the quality of teacher, the depth or quality of such scientific information might not 
have been commonly high. 

According to Dionysius Thrax, the final goal of secondary education was “the critical study of 
literature,” emphasizing a grasp of meter and literary devices, etymology, reasoning through 
analogies, and “notes on phraseology and subject matters.”!°° The latter is what included at least 
minimal scientific content, though only incidentally. Quintilian also identifies the two primary tasks 


of the grammarian as methodice, imparting an ability to speak correctly and well, and historice, 
imparting an ability to interpret and understand what the student has read or heard, while adding 
a third focus, “instruction in certain rudiments of oratory,” which meant imparting rudimentary 
skills in composition and argument.'* Another educator, Asclepiades of Myrlea, likewise divided 
the responsibilities of the grammarian into three: historikon, technikon, and idiaeteron.!” The first, 
historikon, involved “contextual and historical questions arising from literary texts,” like mythology, 
geography, and glosses of special words, which is the context in which scientific knowledge might 
come up, though less commonly than other points of interest would.!°° In other words, at the 
secondary level, some science would have filtered into a student’s education as notes and glosses on 
classical and popular poetry, but probably not much, and again perhaps not of much depth or 
quality. 1°” 

This was especially true given the fact that excerpts of Homer, Euripides, and Isocrates were the 
main “cultural package” at the primary level of education and continued to hold pride of place at 
the secondary level, yet those three authors are notably weak on anything like advanced scientific 
content, affording few opportunities for digressions on the state of contemporary science.'°° In fact, 
“no prose was read in a grammarian’s class except for fables” and “didactic and moralistic” works by 
Isocrates, and various parables from Aesop and Babrius.!°? There was an occasional exposure to 
plays, but very little exposure to prose history (and apparently none to other prose works, such as 
scientific or technical literature), and therefore “almost no attention was paid to history and 
geography except for a wealth of minute information arising from specific points in the literary 
texts,” and yet history and geography probably saw more treatment in this way than natural 
philosophy.!!° Nevertheless, in elucidating the poets of the time, many rudiments of astronomy, 
anatomy, botany, mineralogy and zoology must have been conveyed. 

By studying recovered school texts (from papyri and ostraca) and analyzing the whole gamut of 
literary discussions of the educational process, Cribiore has been able to reconstruct, more or less, 
the typical grammar school curriculum. She found that it did expand the repertoire of authors 
studied beyond the canonical three (Homer, Euripides, Isocrates), most notably by adding 
Menander and Hesiod, but these additions were still weak on advanced scientific content.!!! 
Though Hesiod at least introduced more rudimentary discussion of nature (and especially 
astronomy) than any of the other authors, all such content was pre-scientific in respect to the 
advances in methods and discovery made since the development of natural philosophy as an actual 
field of research. And these details were the least popular part of Hesiod, who was studied more for 
poetic or religious value, and mythographic material, than anything else. At a more advanced stage 
of grammar school some attention was turned to Aeschylus and Sophocles, then Callimachus and 
Pindar, but these authors are just as weak on scientific content as the others. So, too, for other poets 
that students were more commonly exposed to at school.'!? Notably absent from recovered texts 
and curricula at both the primary and secondary levels of education are any works of philosophy, 


and not just natural philosophy, but even discussions of epistemology or logic. 

It follows that Quintilian’s expectation that grammarians needed to be able to expound on 
philosophical poetry did not reflect the common reality. Such a circumstance must not have been 
typical and might only have occurred in the classes of the most talented or rarest of school teachers. 
However, due to the existence of poetic treatises on astronomical subjects, which would have fit the 
predilection for studying verse, astronomy might have received more frequent attention in many 
grammar schools, particularly as it came up frequently even in the most studied of poems. It should 
also be noted that popular knowledge of rudimentary astronomy (knowing major constellations, 
the path of the sun, and similar basics) would have already been more commonplace (even among 
the illiterate) in antiquity than today, when people in general no longer look at the sky on any 
regular basis much less rely on its observation for navigation, timekeeping, and agriculture. 

A papyrus from the pre-Roman period attests to grammar students having an astronomical 
work in which a student had jotted down notes, though the relative rarity of the find probably only 
confirms the general observation that such a deeper attention was not the typical experience in 
Roman schools.!!? Since ancient education was built on the expectation and practice of a strong 
exposure to only a few texts, mainly from a universally-embraced, quasi-canonical list, instead of a 
diverse exposure to many different texts, this would have greatly limited any rare exceptions to the 
standard course of study.'! Most teachers had to cast a wide net to win students and build a 
livable income, which probably meant most did not want to alienate parents by introducing 
controversial philosophical claims and disputes at the secondary level. Instead, teachers, parents, 
and students preferred a fixed package of skills and texts that were universally embraced and thus 
comfortable ruts to roll in. Cribiore argues that this mindset, this preference for rigidity and 
subservience to widely shared expectations and values, dominated ancient education.'! This 
would only have further marginalized natural philosophy as a subject of study in elementary and 
grammar schools, since it was often inextricably mixed up with various philosophical dogmas and 
controversies. Because disputed subjects were the last thing anyone wanted in schools—until 
students became suitably armed and mature, which was only expected to occur in the higher stages 
of education—in most respects natural philosophy, and thus science, had to wait. 

There was one notable exception to this conclusion. The most popular astronomical poem was 
the Greek Phenomena of Aratus (early 3rd century B.C.), which also enjoyed many famous 
translations into Latin verse, including ones by Cicero (1st century B.C.) and Germanicus (Ist 
century A.D.).!!© There is ample evidence that this poem found employment as a school text.!!” At 
least one school commentary on it has been recovered, explaining “cryptic astronomical lore,” and 
there were others.!!8 The Phenomena probably made its way into grammar schools not merely 
because it was in verse, but because it drew a lot from Homer, which made it more ‘approachable’ 
to underclassmen in school, who would already be familiar with Homeric content, style, and 
vocabulary. But like the astronomical content of Hesiod, the Phenomena contained relatively bland 
and obsolete science in comparison with the astronomical knowledge achieved up to Roman times, 


since it was only a versification of an old prose treatise by the early Platonic astronomer Eudoxus.!!” 


The Phenomena did not even discuss planetary theory (not even the obsolete model Eudoxus had 
developed), and yet that was perhaps the most scientifically important problem—and achievement 
—of ancient astronomy. Nor did the poem discuss research methodology or convey any particular 
sense of scientific values. 

And again, any instruction a grammarian might have provided to students in interpreting or 
updating or expanding on Aratus, would have reflected the grammarian’s own limited or flawed 
understanding of the subject, so the depth and quality of astronomical knowledge spread through 
the occasional study of Aratus in grammar school might not have been universally good. It might 
not have been universal, either. Though the evidence shows it was not rare to find Aratus in 
grammar schools, the same evidence suggests it might not have been especially common.'”° Thus, 
the state of astronomical education in standard secondary education was perhaps, at best, a little 
better than negligible. And this pertains only to rudimentary astronomy. There are no comparable 
exceptions for any other scientific subject. For instance, an early 2nd century A.D. poem 
Description of the Inhabited World was basically a versified epitome by Dionysius of Eratosthenes’ 
geography, and thus comparable to Aratus: aimed at school children and scientifically both light 
and obsolete.!?! But unlike the Phenomena, the Description is not well attested, and thus must not 
have been widely used. 

Of course, as will be explained below, all this surviving evidence may be biased by excluding 
elite urban schools. Such schools would have been numerically exceptional, but may have served 
more students (as city populations far exceeded those of towns and rural districts). So science 
content in ancient secondary schools may have been more present than extant evidence confirms. 
This is particularly significant as scientists themselves are far more likely to have come from elite 
urban schools. Moreover, outside the context of schools, philosophical and scientific poetry was not 
uncommon, and thus a preparation for tackling poetry, particularly any scientific poetry (like the 
Phenomena) at lower levels of study would have equipped an interested student to approach 
scientific poetry independently or at higher levels of education, providing greater access to what we 
might call a “gateway drug” to further scientific study—for such poetry often had an implied 
purpose (sometimes even explicitly declared) of getting the reader more interested in its specific 
subject or in science and philosophy generally.'*” 

Be that as it may, as already noted it was still not common for a member of the elite to advance 
beyond secondary education, even for men, and exceptional for a woman. These disparities became 
greatly magnified the further down one fell on the social ladder, so it is safe to say that most 
Romans who received any education went no further than grammar school. And as we have seen, 
that would have exposed them to little in the way of science or natural philosophy, and what they 
were exposed to was probably not of any consistent depth or quality. In terms of social values, this 
meant the standard “cultural package” that students, parents and communities expected a standard 
education to impart did not include science or natural philosophy—or even much in the way of 


philosophy at all beyond rudimentary ethics. Instead, its emphasis was a universalized form of 
cultural literacy: not merely the ability to read, write, and reckon, but the mastery of a particular 
vocabulary, not just of words, but of verses and allusions, and some common skills of aesthetic and 
technical literary analysis, which together allowed the educated to communicate with each other 
more adeptly, and share a common background of stories and interests, that separated them from 
the illiterate in often subtle and sometimes blatant ways. Getting ahead in society or simply 
maintaining one’s status depended on this, on becoming ‘one of us’ instead of ‘one of them’, on 
being able merely to converse like an educated person.!? Thus, to know your Homer, to employ 
and discuss principles of meter, to speak with an educated vocabulary, to use and understand 
obscure allusions to the characters and situations of classical theater and poetry, and similar 
abilities, comprised the most broadly useful package of skills, hence it became the package most 
broadly sought and taught. Science did not serve so broad a purpose, and was also generally more 
difficult to learn and understand. 

Romans who completed only grammar school did have some of the skills in place to expand 
their scientific knowledge on their own if they wished, although there is no evidence of such a 
passion being common—and when present, it probably led to higher education anyway. Outside of 
such a formal setting, and the obscuring fog of oral lore and hearsay, there were only two ways to 
gain scientific knowledge: books and lectures. Harris observes that Varro’s “head shepherd 
(magister pecoris) is supposed to be literate enough to use a book about ovine medicine [the 
medical care of sheep] which he carries around with him,” which is an example of how a grammar 
student could informally expand his scientific knowledge through the use of books.!2* And in 
major cities, occasional public orations and lectures on scientific subjects would have afforded 
similar opportunities for a semi-educated person to expand their knowledge. But these options 
were not as convenient as they are now. 

Books, for example, were nowhere near as available in antiquity as they are today. In the 
Roman period a single roll of papyrus, which held the equivalent of a single chapter in a modern 
book, cost on average four or five drachmas, the ancient equivalent of almost two weeks wages. So 
just the papyrus needed to produce a short five-chapter book would cost the equivalent of over two 
thousand dollars in modern U.S. currency.!™ And that was in Egypt where such rolls were 
manufactured. The costs of export would have substantially increased the price of rolls elsewhere, 
and in either case there was the additional cost of ink and the labor to hand copy every word (not 
to mention any markup for profit), which could bring the price of a book to five thousand dollars or 
more.!”° Rowland and Howe estimate that a ten-volume edition of On Architecture by Vitruvius 
would have cost 100 denarii, close to 100 drachmas, equivalent to more than $8,000.!*’ Cribiore 
cites one occasion where 100 drachmas was paid merely as a deposit on the production of a book 
collated from multiple exemplars. !?8 If producing your own copy, the usual practice was not to hire 
a copyist, but to rely on a specialized slave in-house, representing a large initial investment in the 
slave rather than a book-by-book expense. But only the very wealthy would have such slaves on 


staff, and their time would always be finite.!?? On the other hand, though used books could 
sometimes be found at a discount, their availability was nothing comparable to today, nor were 
their discount prices much more within reach of the poor.'*? The cheapest sale on record (and that 
possibly a mere fiction) was a bundle of six or so books “absolutely hideous in both condition and 
appearance” that Aulus Gellius claims he found for sale on the docks, which he managed to get for 
“a few bronze,” maybe a hundred dollars in modern currency.'?! But he considered this price 
“amazing and unexpected” even for books in the worst possible condition. In fact, from his 
description they probably contained much that was lost or illegible, hence their incredible 
cheapness probably reflected the fact that they were all but worthless on any real book market. And 
if only the bundle was being sold, not the individual books, then even an “amazing” price like this 
was pretty steep for the average Roman. Buying books was thus beyond the means of most, which 
meant they either had to borrow books from wealthy patrons or read them in public libraries, 
which were available in most major cities, a fact Pll discuss in chapter eight. But even if a literate 
layperson could thus get ahold of a book to read it, scientific works would still be almost 
inaccessible to the average reader, since most science texts required an understanding of specialized 
vocabularies or advanced mathematics. So without a more advanced education, access to scientific 
knowledge was still hindered or limited, even to those who might have an active interest. 

Public speeches would have been more accessible to the semi-educated in this respect. The 
immense popularity of public rhetorical displays and ‘show lectures’ created opportunities for the 
casual public to hear and learn things, opportunities that did not exist on a comparable scale in any 
other ancient culture. This craze for public speaking was especially prominent in the early Roman 
empire, so much so the era is defined by it and commonly called the ‘Second Sophistic’.!°* The 
Middle Ages almost produced something similar in the form of the sermon, although as a rule 
religious (and not scientific or any other) instruction far predominated there. For example, we have 
one sermon from Rabanus Maurus in the 9th century that teaches the basic science of eclipses, with 
the aim of dispelling superstitions in his congregation that annoyed him, but this was very 
exceptional.!°? In the Roman era, it would not have been. 

Though the content of most of these speeches in antiquity was literary, or at best historical or 
didactic, rather than scientific or philosophical, there was more than enough of the latter to be of 


use to an interested urbanite. 134 


Galen, for example, describes an almost daily practice in Rome of 
scholars and other interested people gathering in the Temple of Peace to debate and chat 
specifically about science, where there also happened to be a public library that included scientific 
literature. The subjects discussed were not just medical as some scholars have implied, for Galen 


says all “theoretical sciences” (logikas technas) were talked about there.!*° 


Galen’s writings contain 
numerous references to public medical lectures and anatomical demonstrations in cities throughout 
the Roman empire, giving the definite impression that this was a common phenomenon.!°° There is 


no reason to think other sciences did not receive similar treatment. As Dio Chrysostom said early in 


the 2nd century A.D., the subjects people loved to hear public lectures on included astronomy, 
meteorology, oceanography, physiology, anatomy, and other subjects in natural philosophy.!°” The 
Roman gymnasium in Delphi apparently had a resident astronomy professor who lectured on the 


subject for students and public alike, and that was not likely to be unique.!°® 


We know some people used the phenomenon of public lectures as a sort of free education. 1°? 


Even Galen had some illiterate and poorly educated people attending his lectures.!4? Open lectures 
and oratorical displays like this would have been common in cities and could have disseminated 
some knowledge of natural philosophy, insofar as such information happened to be employed or 
mentioned in passing, or on the occasions when it was an actual subject of discourse. In addition to 
the phenomenon of public oration was the rarer occasion of hearing cases in court. Insofar as 
geometry and other scientific knowledge occasionally came up in the courts, and juries were drawn 
from the people, educated or not, jury duty may have occasionally exposed some Romans of all 
educational levels to a smattering of medicine, mathematics, and other science.'*! Since such cases 
would turn on the point at issue, an advocate must have had to explain the relevant math or 
science to the jury, insofar as the case required. But since the ancient legal system made little 
significant use of scientific evidence or testimony, occasions for it would have been rare, and its 
content very limited. But it would not be insignificant. According to Vivian Nutton, “doctors might 
be called upon to testify,” as for example in Roman Egypt, where “medical certification in cases of 
wounding or suspicious death” was “apparently a common procedure” attested in papyri.‘“” This 
was surely as much the case in other provinces. As we'll see in a moment, medical science was 
certainly expected to arise in court according to various rhetorical exercises. 

Whether through public orations or jury trials, this ubiquity of public discourse would have 
produced a chain of lore and hearsay, as facts heard and learned by audience members came to be 
repeated and disseminated among their acquaintances, and from them to others, and so on, 
ultimately filtering such information down into the pool of general knowledge. However, the 
quality of scientific knowledge that survived this process would not have been particularly 
profound, consistent, or good, and would have mingled indiscriminately with nonsense and 
poppycock. At best, we can expect that due to this unusual practice of members of the educated 
elite delivering long eloquent speeches on a regular basis to large crowds, the amount and quality of 
scientific knowledge that entered general public consciousness would at least have been greater 
than in other ancient cultures—or indeed the Middle Ages. But that’s only by a relative measure. 
In absolute terms, the significance of this phenomenon could not have been great. In the end, the 
only real exposure Romans ever likely got to good science content was in higher education—with 
one notable exception... 
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5. THE ENKYKLIOS PAIDEIA 


That exception was the so-called enkyklios paideia, a more-or-less standardized ideal of a ‘well 
rounded’ education. This was developed and most widely embraced among the Greeks, but by the 
early Roman empire it was also passionately advocated among the best Latin educators. It was no 
doubt widely realized—just not universally. The phrase enkyklios paideia literally means “curricular 
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education” or in effect “well-rounded,” “regular,” or “general education.” The seven most popular 
disciplines of the enkyklios (grammar, rhetoric, dialectic, arithmetic, geometry, music, and 
astronomy) were described in antiquity as ‘the liberal arts’ because they were intellectual skills 
pursued by free men who had leisure to study them. Hence they became symbols of status, a way 
to distinguish a free man of means from slaves and the working class, who (it was usually assumed) 
did not have the time or means to range so widely or deeply in their educational studies. 

In practice, only the best students completed the entire course. Even so, those teachers of 
rhetoric who upheld the highest standards of their day expected students to have completed the 
full enkyklios, as did many more professors of philosophy, and we can be sure so did many doctors, 
engineers, and astronomers. There is ample evidence that many among the educated elite did 
complete this standard preparatory curriculum, in all periods, from the Classical to the early 
Roman. Hence the full curriculum was only ‘idealistic’ in the sense that it was never realized 
universally, although the idle wish that it would be was often voiced. Strabo even declares that 
those who have not completed a full course in the liberal arts will be incapable of sound judgement 
in almost every important matter, a view that would condemn almost everyone he knew—unless he 
knew many peers who had completed the course, as he himself must have.!® Nevertheless, as 
Clarke says, except for grammar and rhetoric, the full seven arts “were not pursued (except by a few 
specialists) beyond a quite humble level.” Several ancient writers kept arguing how students should 
pursue them more than they do, or complained that many did not pursue them at all. So the reality 
must have been that most people “thought it unnecessary to study anything but grammar and 
rhetoric” even while a sizable minority continued to master the full curriculum, though most only 
superficially. 144 

The complete enkyklios paideia can be loosely equated with modern ‘college prep’ courses, 
which most students at the secondary level do not take, but those who do take them improve their 
chances of getting into the best universities. Likewise, in antiquity most students at the secondary 
level did not complete the enkyklios, but many did, and by doing so they improved their chances of 
being accepted into the tutelage of the best professors. That was not the only motive for completing 
this special curriculum, however. Parents might often have expected it of their children, simply to 
ensure they were adequately cultured and thus capable of maintaining their elite status in society. 
The education of Cornelia, for example, clearly involved completion of several subjects in the 


enkyklios, and probably reflects a trend among select parents seeking to provide a complete 
education for their daughter in order to improve her prospects for a good marriage. They certainly 
did not undertake the great expense in time and money such education required in order to groom 
her for a career. Both boys and girls could receive such attention for much the same reason— 
wealthy parents did not want their kids to look like hicks or hacks in high company. Thus, though 
in practice the enkyklios formed a special preparatory curriculum at the secondary level that would 
be completed by the best students who advanced to any form of higher education (and especially 
those with an eye on studying philosophy or any actual science), it was also for some an end-in- 
itself, a way of seeming ‘more educated’ without aiming at any particular occupation. 

Though all contemporary historians of ancient education agree that completion of the enkyklios 
was not standard or common, it cannot have been as rare as some have implied. Since so many 
ancient authors clearly had completed it (some even specifically said they did or assumed many 
others had), it clearly was pursued more than idiosyncratically, and thus instruction in it had to 
have been widely available, at least to urban populations. This is significant because the enkyklios 
contained a substantial amount of science and science-related content. Thus, those students at the 
secondary level who were exposed to it would have had a better science education than even many 
who completed a full course of higher education in rhetoric (as we shall see below), and would 
have had better prospects of entering a course of higher education (such as in philosophy or 
medicine) that surveyed even more science content, and would be far better prepared to expand 
their scientific knowledge on their own through reading and attending lectures, since they will have 
received much of the basic foundations for further advanced study. 

The standard enkyklios paideia was later divided in the Middle Ages into the ‘trivium’ (“the 
threefold study”) and the ‘quadrivium’ (“the fourfold study”), but though this terminology came 
late, it reflected a reality that was already well-established by the Roman period, namely that most 
students of rhetoric completed only the first course while only the best or most fortunate students 
completed the second as well.!*° The first course, the trivium, consisted of grammar, rhetoric, and 
dialectic (i.e. logic), generally studied in that order, with some gradual overlap at each juncture. 
Grammar would be studied at the secondary level, plus occasionally some preparatory studies 
related to rhetoric, while most rhetoric and dialectic would be pursued only at the next and often 
final stage of educational advancement. In the end, to complete a full course of higher education in 
rhetoric was in effect to complete the trivium. We will thus address the science content of the 
trivium in the next chapter, when we come to higher education. The second course, however, was 
highly science-oriented. Later called the quadrivium, this consisted of arithmetic, geometry, music, 
and astronomy.!“° The ancients were aware of the fact that this excluded the two other advanced 
sciences in antiquity, medicine and engineering, and some educational idealists promoted the idea 
of including them in the curriculum, but there is no evidence they ever succeeded.!*” As we'll see 
later, many authors clearly had knowledge of these subjects, however, so their pursuit must have 
been possible for laypersons, even if only rarely or imperfectly. 


In general, at this level arithmetic went beyond mere rudimentary numeracy and included 
more advanced skills of adding, subtracting, dividing and multiplying, and established a greater 
competency to deal with numbers and basic mathematics—and at more advanced levels it included 
the ancient equivalent of algebra, in the same way advanced geometry included trigonometry. 148 
Ancient arithmetic also included combinatorics and logistics and other arts, while ancient geometry 
included many other subfields including isoperimetry.‘*? Though these studies did not involve 
exposure to natural philosophy as such, it provided the basic foundation for mathematical 
reasoning and comprehension, which was essential to the sciences (even, to a lesser extent, the life 
sciences). Geometry was even more important in this regard, since geometrical facts and analyses 
were essential to the physical sciences, while quasi-geometrical methods of proof were adopted 
even by the best practitioners of the life sciences. Geometry also involved exposure to astronomy, 
geography, optics, and mechanics as examples for study and application.!°° Music, meanwhile, did 
include the actual art and practice of music, but it always included music theory as well, almost by 
necessity—since only by linking its practice to a rational theory could music be advanced as 
respectable for cultured ladies and gentlemen.'*! This meant that the study of music in the 
enkyklios actually involved some study of the science of harmonics, which encompassed both music 
theory and basic acoustics. Finally, the science content of astronomy included time keeping and 
calendrics; identifying stars and constellations; principles for measuring and observing the heavens 
year round, and predicting where stars, sun, and planets will be; some meteorology; and basic 
astrophysics (e.g. causes of lunar and solar eclipses; sphericity of the earth; names, nature, and 
courses of the planets).!°” All of these studies provided a certain inoculation against formal and 
informal ‘skepticism’ and served as a model for scientific argument, proving the power of linking 
empirical observation with mathematical description, as Galen would so forcefully argue in the 
second book of his On the Affections and Errors of the Soul, and repeatedly elsewhere. 

In the end, though these studies would only introduce a student to the best achievements of 
ancient science, and though they did not always reach into the deeper issues of natural philosophy, 
they provided essential and valuable foundations for the further study of every advanced science of 
the day. They were also a likely stimulus motivating more students to enter and advance the 
sciences. Though many no doubt had their eye on the sciences merely for the career prospects they 
offered, as more students were exposed to the science content of the enkyklios more would have 
been ensnared by any innate passion for science they may have discovered in themselves. Hence 
attention to the enkyklios must have increased the number of students entering advanced scientific 
studies out of a passion for knowledge, rather than only for more material aims, and this meant the 
educational ideal of the enkyklios, though never universally realized, was still a valuable asset to the 
progress of ancient science generally. And more importantly for our concern, the fact that the 
enkyklios was studied widely enough not to be regarded as a fringe pursuit, and was even more 
widely praised than studied, means there was a significant portion of the educated populace that 
held science and natural philosophy in high esteem—a much larger and more vocal contingent 


than in any other ancient culture. To what extent this was comparably the case in the Middle Ages 
thus needs to be explored. 

This complicates the picture of ancient education that we have generally seen so far. Though 
the place of science in ancient education was minimal overall, there was nevertheless a significant 
portion of educated society, and of the educational system supporting it, embracing a more 
extensive exposure to the sciences, enough to distinguish ancient Greco-Roman culture. The 
presence and status of the quadrivium in ancient education also demonstrates that even from the 
very beginning the most widespread attention ever paid to any scientific subjects in ancient 
secondary education emphasized fully mathematized sciences, which were likewise empirical 
(harmonics relying on demonstrations with instruments, astronomy on observation, and geometry 
on practical applications as proofs of concept, from such diverse fields as optics and mechanics, and 
all involving reference to scientific instruments of diverse kinds). 

While the enkyklios probably represented the best education that the luckiest kids received, a 
truly exceptional education probably touched on the remaining two most advanced sciences of the 
ancient world as well: medicine and engineering. These sciences should be understood in their 
broadest possible sense: medicine included anatomy, physiology, and pharmacology, and 
encompassed zoology, botany, and mineralogy; engineering included physics, astronomy, 
cartography, optics, harmonics, and mechanics, in addition to architecture (chemistry never 
received a comparable scientific footing in antiquity—or in the Middle Ages). In the middle of the 
Ist century B.C., Varro wrote an encyclopedia called the Disciplines, which introduced the whole 
gamut of Greek education into Latin, in nine books—one each on the seven disciplines of the 
enkyklios paideia and one each on medicine and engineering.'°? Though the entire work is lost, 
from numerous references and quotations in other authors we know Varro included under the 
study of geometry not only the abstract mathematical discipline (summarizing Euclid, for example) 
but also the empirical disciplines of optics, harmonics, astronomy, surveying, and geography, all 
involving extensive practical applications, demonstrating that considerable scientific content could 
be taught under the rubric of ‘geometry’.!°4 

Although Varro included medicine and engineering in his survey of educational topics, it is 
unlikely a significant number of people in any generation actually undertook all nine fields of 
study, even to dabble in them. Some few, however, may have gotten as far as dabbling in the full 
nine.!” The poet Virgil was said to have studied both medical and mathematical sciences.!°° And 
the doctor Galen demonstrates throughout his writings that he had studied all nine disciplines 
more than trivially, exhibiting his own mastery of rhetoric while writing sophisticated books in 
grammatical science and formal logic, as well as of course medicine, and at the same time 
frequently exhibiting competence in all the mathematical sciences, even promoting engineering in 
place of rhetoric as a subject to be included in the enkyklios.'°’ But there is no ancient scientist on 
record who mastered both medicine and engineering as a field of research. Though some, like 
Galen, no doubt knew a lot from both fields, the practice and education required to master one 


were apparently too great to leave any significant time for the other, so ancient scientists came to be 
divided into the physical and life sciences, according to whether they pursued engineering or 
medicine as their primary interest. If this held even for the greatest geniuses of the age, it surely 
held even more for everyone else. Of course, this remains true today. Rarely (if ever) do we see any 
scientist mastering both a life science and a physical science, much less producing research in both. 

The restriction of the scientific content of the enkyklios to two specific fields (music and 
astronomy) and one general field (geometry; arithmetic touched on little in the way of science) 
derives in part from the influence of Plato and other sophists of his generation centuries before the 
Roman era, as such men had a particular philosophical interest in these subjects, while engineering 
and medicine had not yet advanced far enough then to impress them in the same way (though they 
had by the time Varro wrote).!°® However, the endurance over centuries of the traditional studies 
probably reflects the fact that all four subjects of the quadrivium were related to each other by 
common mathematical content, and in practice may have amounted to the most the average good 
student could reasonably be expected to master without becoming a specialist. 

Aristotle’s observation on this point is probably just as applicable to the Roman period as his 
own: “young men (neoi) become geometers and mathematicians and wise in other subjects like that 
but do not, it is thought, become prudent (phronimos),” because prudence requires considerable 
experience, which young men lack. Thus, if “someone asks why a child (pais) might become a 
mathematician but not a sage (sophos) or a natural philosopher (physikos),” Aristotle answers that 
mathematics is learned solely “in the abstract” but wisdom and natural philosophy derive their 
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principles “from experience” and therefore “young men (neoi) do not trust them, but merely repeat 
them,” unlike mathematics, whose principles and conclusions can be seen directly, and therefore 
believed, the instant they are taught.!°? Thus, the simplest and most mathematical sciences were 
suitable “for boys,” but fields as deeply dependent on extensive observation and experience as 
medicine and engineering would only be suitable for adults (which in antiquity could mean anyone 
over the age of fourteen). This may have been uncharitable to even an average child’s actual 
capabilities, but if it was nevertheless a pervasive view it would explain why mathematical subjects 
came to the fore in the ancient curriculum. 

Since medicine and engineering never won their way into any general scheme of education 
(and thus were studied almost exclusively by specialists and the most devoted of laypeople), we will 
continue to speak only about the standard content of the enkyklios, which at least reached a sizable 
minority of the educated elite. Moreover, since the trivium became the backbone of ancient 
secondary and higher education and yet contained little or no scientific content, we shall focus only 
on the quadrivium here. This section of the curriculum was often seen as preparatory for the study 
of philosophy, and was thus pursued mostly (though not only) by students aiming at or being 
groomed for a higher education in philosophy or science—and, we can assume, those who wished 
to move in such circles (or marry into them). Although not all philosophical schools required the 
quadrivium as preparation, the most popular (and most ‘respectable’) schools did—in other words, 


the Stoics, Platonists, and Aristotelians.'©° Plato, for example, argued that students should study 
astronomy and harmonics, which in turn required the study of geometry and arithmetic, because 
these will elevate the mind and foster a sense of community and kinship among students sharing 
the experience of learning them.!*! 

As Marrou concludes, it was still the case that “the grammatikos very commonly took 
precedence over the geometres, and, apart from a few specialized vocations, such as architecture,” or 
astrology, medicine, philosophy, “Greek culture of the Hellenistic and Roman periods was 
predominately literary at the expense of study of the sciences.”!©* Marrou goes even further and 
supposes “philosophy never recruited more than a tiny minority of the élite minds,” and therefore 
“statistically, so to speak, Isocrates decisively defeated Plato” in defining the dominant focus and 
course of education in antiquity.!©? Marrou here names Isocrates, a contemporary of Plato, on the 
supposition that Isocrates attacked Plato’s educational program and proposed the alternative 
‘literary program that came to be commonly pursued. This supposedly represents an age-old battle 
between philosophers and orators over control of the educational system of antiquity, and by virtue 
of their vastly superior numbers, and the greater evident utility of their art, the orators always won. 
But such a picture distorts the reality. 164 

In actual fact, all the leading advocates of making oratory the central focus of education— 
including Isocrates himself—actually embraced the mathematical and scientific content of Plato’s 
program. The failure of such a broad educational curriculum to become universally adopted, 
remaining instead the privilege of an even more select few than received any education at all, 
reflects more the practical realities of the time than any victory of Isocrates over Plato. Plato’s entire 
vision for society in the Republic was a fascist pipe-dream that never came anywhere near to being 
realized, not even in Plato’s own school, which certainly only a select and privileged few in the 
Greek world ever had a chance of attending anyway. So whatever fantasies Plato may have had on 
the subject of education can hardly be taken as representative of what philosophers as a whole 
actually sought to achieve, much less elite society as a whole. But what Isocrates advocated was 
more realistic and more favorable to mathematical and scientific subjects than Marrou allows. Since 
Isocrates’ opinions on this subject were still actually read and taught in schools throughout the 
Roman empire, and since Marrou believes (correctly) that these views came to define Roman 
education generally, we shall here pay close attention to them. 

Isocrates was sometimes critical of the utility of science education, but even he succumbed to 
what Takis Poulakos calls the “impulse to appropriate rather than undermine existing educational 
practices” and hence: 


This impulse explains why, when [Isocrates] puts forth his views about the type of 
educational training he considers most appropriate for Athenian youth, he includes the 
study of subjects he had been most critical about. As he envisions it in the Antidosis, the 
ideal curriculum would include, for example, the study of the sciences, the very field he 


earlier condemned as irrelevant to “private or to public affairs” ([Isocrates, Antidosis] 262). 
For even though he considers instruction in astronomy and geometry to have no intrinsic 
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value and no pertinence to students’ “ability to speak and deliberate on affairs” ([Isocrates, 
Antidosis] 267), he recognizes the protreptic value of these studies and labels them 
“gymnastic of the mind” ([Isocrates, Antidosis] 266). Because such training would be more 
advanced and more helpful in disciplining and sharpening young minds ([Isocrates, 
Antidosis] 265) than the standardized, elementary instruction in grammar and music, he 
would place the study of astronomy and geometry at a level of instruction following the 


elementary level ([Isocrates, Antidosis] 262).'© 
In fact: 


According to Isocrates, a training in sciences would improve students’ aptitude for 
mastering greater and more serious studies, or, at the very least, it would keep their minds 
occupied: “even if this learning can accomplish no other good, at any rate it keeps the young 
out of many other things which are harmful” ([Isocrates] Panathenaicus 27). 


Even though Isocrates wrote these things well before our period of concern, this text was still 
being widely copied, disseminated, and read in Roman times, and the works of Isocrates were 
among those commonly read even in schools. Thus, his opinions would still be influencing 
educators and students of the Roman period, and yet his opinions on this subject produced no 
recorded objections. It must also be observed that Isocrates is speaking of what was expected of 
general education, so even the ambivalence toward science that is found in Isocrates did not entail 
any objection to specialists pursuing astronomy or other sciences, or rejection of the value to society 
of the work of astronomers and other scientists. That it was useless for every citizen to learn 
astronomy as well as a specialist would was true then and remains true to this day. Isocrates saying 
so is just common sense. It is not an assault on any realistic alternative offered by Plato, since 
Plato’s ideals were as unrealistic then as they would be now. Thus, though the educational values 
of Isocrates did win the day, this did not mean he or his adherents believed that neither astronomy 
nor astronomers had any social or practical value. Hence we find no actual hostility, ambivalence, 
or negativity toward astronomy in Isocrates—just against the absurd notion that every student 
should ‘become an astronomer’. 

This is so evident from what Isocrates actually says that he must be quoted in full, especially 
since, as we shall see, this appears to have become the common opinion among Roman educators as 
well and reflects the pervading attitude of the time: 


I believe that the teachers who are skilled in disputation and those who are occupied with 
astronomy and geometry and studies of that sort do not injure but, on the contrary, benefit 
their pupils, not so much as they profess, but more than others give them credit for. Most 


men see in such studies nothing but empty talk and hair-splitting, for none of these 
disciplines has any useful application either to private or to public affairs; nay, they are not 
even remembered for any length of time after they are learned because they do not attend 
us through life nor do they lend aid in what we do, but are wholly divorced from our 
necessities. But I am neither of this opinion nor am I far removed from it; rather it seems to 
me both that those who hold that this training is of no use in practical life are right and that 
those who speak in praise of it also have truth on their side. If there is a contradiction in this 
statement, it is because these disciplines are different in their nature from the other studies 
which make up our education. 


For the other branches avail us only after we have gained a knowledge of them, whereas 
these studies can be of no benefit to us after we have mastered them unless we have elected 
to make our living from this source, and otherwise only help us while we are in the process 
of learning. For while we are occupied with the subtlety and exactness of astronomy and 
geometry and are forced to apply our minds to difficult problems, and are, in addition, 
being habituated to speak and apply ourselves to what is said and shown to us, and not to 
let our wits go wool-gathering, we gain the power, after being exercised and sharpened on 
these disciplines, of grasping and learning more easily and more quickly those subjects 
which are of more importance and of greater value. I do not, however, think it proper to 
apply the term “philosophy” to a training which is no help to us in the present either in our 
speech or in our actions, but rather I would call it a gymnastic of the mind and a 
preparation for philosophy. It is, to be sure, a study more advanced than that which boys in 
school pursue, but it is for the most part the same sort of thing. 


For they also, when they have labored through their lessons in grammar, music, and the 
other branches, are not a whit advanced in their ability to speak and deliberate on affairs, 
but they have increased their aptitude for mastering greater and more serious studies. I 
would therefore advise young men to spend some time on these disciplines, but not to allow 
their minds to be dried up by these barren subtleties, nor to be stranded on the speculations 
of the ancient sophists, who maintain, some of them, that the sum of things is made up of 
infinite elements; Empedocles that it is made up of four, with strife and love operating 
among them; Ion, of not more than three; Alcmaeon, of only two; Parmenides and 
Melissus, of one; and Gorgias, of none at all. For I think that such curiosities of thought are 
on a par with jugglers’ tricks, which, though they do not profit anyone, yet attract great 
crowds of the empty-minded, and I hold that men who want to do some good in the world 
must banish utterly from their interests all vain speculations and all activities which have no 


bearing on our lives. 166 


And: 


[Yet] so far from scorning the education which was handed down by our ancestors, I even 
commend that which has been set up in our own day—I mean geometry, astronomy, and 
the so-called eristic dialogues, which our young men delight in more than they should, 
although all the older men declare them insufferable. Nevertheless, I urge those who are 
inclined towards these disciplines to work hard and apply themselves to all of them, saying 
that even if this learning can accomplish no other good, at any rate it keeps the young out of 
many other things which are harmful. Nay, I hold that, for those who are at this age, no 
more helpful or fitting an occupation can be found than the pursuit of these studies. But for 
those who are older and for those who have been admitted to man’s estate I assert that 
these disciplines are no longer suitable. For I observe that some of those who have become 
so thoroughly versed in these studies as to instruct others in them fail to use opportunely 
the knowledge which they possess, while in the other activities of life they are less cultivated 
than their students—I hesitate to say less cultivated than their servants. 


I have the same fault to find also with those who are skilled in oratory and those who 
are distinguished for their writings and in general with all who have superior attainments in 
the arts, in the sciences, and in any specialized skill. For I know that the majority even of 
these men have not set their own house in order, that they are insupportable in their private 
intercourse, that they belittle the opinions of their fellow citizens, and that they are given 
over to many other grave offenses. So I do not think that even these may be said to partake 
of the state of culture of which I am speaking. Whom, then, do I call educated, since I 
exclude the arts and sciences and specialties? First, those who manage well the 
circumstances which they encounter day by day, and who possess a judgement which is 
accurate in meeting occasions as they arise and rarely misses the expedient course of action; 
next, those who are decent and honorable...agreeable and reasonable...who hold their 
pleasures always under control and are not unduly overcome by their misfortunes...and 
most important of all, those who are not spoiled by successes and do not desert their true 
selves and become arrogant.... Those who have a character which is in accord, not with one 
of these things, but with all of them—these, I contend, are wise and complete men, 
possessed of all the virtues. 167 

Almost exactly the same argument is found in the letters of Seneca, a Roman philosopher and 
statesman of the 1st century A.D., where he specifically summarizes and addresses the enkyklios in 
detail.°° A similar sentiment is voiced by one of the characters in Cicero’s dialogues, and Cicero 
was often held to be the quintessential Roman philosopher and statesman even long after his death 
in the 1st century B.C.!® But the point to observe here is that, like Cicero and Seneca, Isocrates is 
not attacking all astronomy and astronomers nor all scientists and technicians as useless or 
uncouth. He is saying that merely being an astronomer or scientist or technician (or orator or poet 
or any sort of skilled person) does not make someone educated, for they must also be good and 


virtuous and reasonable people before Isocrates will consider them educated. Thus, given his 
remarks about what constitutes a good education (and his qualifying his own remarks as applying 
only to “some” or “many”), it is clear he would regard as valuable and educated any scientist who 
was also upstanding in all the ways Isocrates describes, and so would anyone agree who shared his 
opinions.!”° 

Hence when Isocrates says the study of science is no longer appropriate for older men, he is 
again referring only to general education, which for the majority must aim at the mastery of 
rhetoric and ethical reasoning. So he is not condemning the aims or education of specialists, but 
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insisting that even they become gentlemen.“ * Seneca said very much the same. 
scientist Galen said that any theoretical science which was “useless” to either moral development, 
political expedience, or practical life was suitable only for specialists who chose to study such things, 
and thus was “not necessary” for anyone else to pursue, yet he certainly did not begrudge anyone 
pursuing them (as he concedes Plato did, whom he was actually defending with these remarks).!7° 
And this is from one who (as we shall see) was a leading advocate of expanding science education 
to all who could learn it—and yet who also, like Isocrates, regarded the developing of moral 
character as the priority of any general education.'”* And it was for that result that Isocrates 
believed the most general education should emphasize moral philosophy and rhetoric (as the skill 
of clear-headed and practical reasoning) over the honing of specialized skills in other domains. 

Of course, Isocrates’ arguments indicate that it was actually commonly the reverse in his time, 
and therefore a significant element of Athenian society evidently held the pursuit of astronomy and 
other sciences in even higher regard than he did, although this does not tell us anything about the 
state of education in the early Roman empire, or even in the Greek world outside Athens in the 
time of Isocrates. But the evidence suggests that Isocrates’ opinions became universal practice: 
rhetoric and dialectic became, as he wanted, the highest end of all education, while philosophy and 
science became a mere occasional adjunct to that, or a preparation for it, or the educational 
objective of specialists alone. But as long as such specialists met Isocrates’ ideals by achieving a 
sufficient level of education in the study of literature and rhetoric, thus becoming cultured, well- 
spoken, and civilized, and as long as their work, whatever it was, ultimately benefitted society and 
the state rather than serving the aim of mere personal gain, then their work, and the specialized 
education required for it, was perfectly respectable.!”° 

This is confirmed by Roman educational authors. Though there is evidence of some initial 
Roman hostility to the importation of Greek educational standards in the 2nd century B.C., it did 
not take long for Rome to fully embrace them.!”° Apart from Varro’s evident enthusiasm (and he 
was among the most respected and revered intellectuals among his fellow Romans), Cicero 
captured the spirit of Isocrates perfectly (and Cicero, too, came to be highly revered for 
centuries).!’” Cicero praised Pericles for being the “first orator to be influenced by theoretical 
research” by studying under “the natural philosopher Anaxagoras,” since from this training Pericles 


“found it easy to transfer that mental discipline from obscure and abstruse problems to the practical 
business of the forum and the popular assembly.”!”8 In defending his own educational ideals, 
Cicero elaborates so well on this point that we should read his remarks in full: 


Let us assume, then, at the beginning what will become clearer hereafter, that philosophy is 
essential for the education of our ideal orator. Not that philosophy is everything, but that it 
helps the orator as physical training helps the actor (as it is frequently illuminating to 
compare great things with small). For no one can discuss great and varied subjects in a 
copious and eloquent style without philosophy—as for example in Plato’s Phaedrus, Socrates 
says that Pericles surpassed other orators because he was a pupil of Anaxagoras the natural 
philosopher. From him Socrates thinks Pericles learned much that was splendid and 
sublime, and acquired copiousness and fertility, and—most important to eloquence— 
knowledge of the kind of speech which arouses each set of feelings. The same may be held 
true of Demosthenes, from whose Epistles one may learn how diligent a pupil he was of 
Plato. 


Surely without philosophical training we cannot distinguish the genus and species of 
anything, nor define it nor divide it into subordinate parts, nor separate truth from 
falsehood, nor recognize consequents, distinguish contradictions, or analyze ambiguities. 
And what am I to say about the knowledge of the nature of things, which supplies a wealth 
of material to the orator? Again, would you think one could speak or think about life or 


duty or virtue or morals without thorough training in those subjects, too?!” 


And: 


It is desirable that the orator should not be ignorant of natural philosophy, which will 
impart grandeur and loftiness, as I said above about Pericles. When he turns from a 
consideration of the heavens to human affairs, all his words and thoughts will assuredly be 
loftier and more magnificent. Nor, while he is acquainted with that divine subject, would I 
have him ignorant of human affairs. 180 

Cicero thus declares natural philosophy important for the orator’s education. He also includes 
dialectic in education as a branch of philosophy, and then satisfies Isocrates’ ideals of a moral 
education by introducing that as moral philosophy, thus employing Isocrates’ standards to fold the 


181 And Cicero’s ideals were something of a reality, since he 


whole of philosophy into rhetoric. 
casually remarks how the legend of Pherecydes’ prediction of an earthquake (obviously impossible, 
even to Cicero in the lst century B.C.) is among the “nonsense” of natural philosophers that is 
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“often heard in schools.”**~ And subjects in natural philosophy did come up as practice debates in 


rhetorical schools of his day.!®° Ultimately, Cicero’s complete list of useful subjects for the orator’s 


education included “rhetoric, ethics, psychology, history, jurisprudence, military and naval science, 
medicine, and physical sciences such as geography and astronomy.”!** It is clear not everyone 


agreed with him on the importance of all these subjects.!®° 


But this only meant his ideals were not 
universally realized, which we have already observed was the case. A sizable minority of students, 
however, still held to these high standards. And like Isocrates before him and Quintilian after him, 
Cicero also argued that statesmen need only know enough not to be ignorant, and should not 
pursue any science to the degree an expert would.'®*° But again this did not represent an attack on 
experts, only the practical fact that, as Cicero specifically says, the statesman has many other duties, 
legal and political. The same point is even made by Cicero’s scientific contemporaries, the 
geographer Strabo and the engineer Vitruvius.!*” 

The same ideals were echoed by Tacitus (in the second century A.D.), who also argued that 
true masters of rhetoric will have advanced “in every kind of study” including “geometry, music, 
grammar and “every branch of philosophy” including “the subtlety of dialectic, the utility of 
ethics” and knowing “the causes of the change of things” (rerum motus causas)—in other words, 
natural philosophy. For Tacitus, the orator’s excellence comes “from great erudition, a multitude of 
arts, and a knowledge of all things,” because the true orator “is he who can speak on every 
question” with consummate skill. And so Tacitus praises the great orators of old—with Cicero as his 
model example—for their “endless labor, daily contemplation, and incessant practice in every 
branch of study.” Hence Tacitus insists the orator must not be deficient in “geometry, music, 
grammar, or any other liberal art.”!88 Tacitus still emphasizes moral philosophy (and moral 
psychology) above all else, just as everyone in antiquity did.!®’ But he also emphasizes the 
importance of wide erudition and philosophical eclecticism—expecting the expert to study every 
major branch and sect of philosophy and take what is useful from each.!?? Of course, Tacitus 
complains that too many contemporary orators are unlearned and thus fail to meet these high 


standards. !?! 


And this no doubt reflects the reality that the advantages to be gained from a 
successful career as an orator were attracting a mob of ‘hacks’ to the profession, at least in Tacitus’ 
view, but this would not entail a decline in the number of learned orators, since it would more 
likely reflect a rise in the number of unlearned orators, who unlike their cultured peers “quite 


dread the study of wisdom and the advice of experienced men.”!?” 


The same problem of poorly 
educated pretenders trying to benefit from the popularity of an art is a complaint found in writers 
for other professional fields, too, from engineering and medicine to even astrology. But this still 
meant a considerable number were getting the proper education, as Tacitus clearly thought he had, 
and he could not have been unique in that regard, even if he were in the minority. The significant 
point is that Tacitus’ attitude closely mirrors Isocrates’ and yet does not argue for the exclusion of 
science, mathematics, or natural philosophy from education, but for their inclusion, and though his 
complaint indicates the failure of ancient society to universalize this ideal, it also reveals that there 


were still many, like Tacitus himself, who were achieving it. 


Cicero wrote in the mid-1st century B.C. and Tacitus in the early-2nd century A.D., while 
between them, at the end of the 1st century A.D., is the greatest educational writer in antiquity, 
whom we've met here before: Marcus Fabius Quintilianus, a.k.a. Quintilian. Quintilian elaborates 
on the ideals and attitudes of Isocrates, and describes the standards Quintilian applied in his own 
school for over twenty years, which other teachers of comparable excellence must also have 
enforced. Quintilian argues that “boys ought to be instructed” in “the course of education described 
by the Greeks as enkuklios paideia” before they are “handed over to the teacher of rhetoric.”!”° 
These “other subjects of education must be studied simultaneously with literature” even though 


194 Quintilian is aware of (and 


they are independent of the study and primary aims of oratory. 
responds to) educators who argued these additional studies are unnecessary and useless (especially, 
his opponents argued, to judges, lawyers, magistrates and politicians), and he is aware of the fact 
that anyone could “produce a long list of orators who are most effective in the courts but have 


never sat under a geometrician,” or studied music, for instance.!” 


He himself knows many 
educated orators who never pursued these studies, though he despises and derides them. 1°} Hence 
Quintilian admits he has in mind not the typical, but only the best orator when he argues everyone 
should study these subjects.!?” All of this implies that most students would not be exposed to them, 
but at least some were, and not so few as to seem bizarre. 

Quintilian’s advocacy of these studies tells us something about the highest Roman ideals and 
the attitudes toward science and natural philosophy they inspired. He argues the subjects of the 
enkyklios are useful and always serve to improve an orator’s mind, knowledge, and abilities, and if 
they cannot all be mastered, one should at least study them all as far as one can.!?* Quintilian 
spends the most time defending the study of music, even though it seems evident he had only a 
few opponents of that policy in mind (as in practice music was actually one of the most popular 
educational subjects).!?” 


As for geometry, Quintilian argues: 


Elements of this science are of value for the instruction of children: for admittedly it 
exercises their minds, sharpens their wits and generates quickness of perception. But it is 
considered that the value of geometry resides in the process of learning, and not as with 
other sciences in the knowledge thus acquired. Such is the general opinion.?°° 

This means the “general opinion” among Roman-period educators had essentially become that 
of Isocrates, which continued to laud geometry as a valuable pursuit.7°! Quintilian also defends the 
study of arithmetic as essential to avoiding embarrassment in certain legal and political contexts, 
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adding that even geometry can be crucial in this respect, too. 
geometry in order to meet the requirement that he be able to speak on every subject, though he did 
not need to study it in as much depth as a specialist, who might “dive deep into the minuter details 


of geometry.””°? Quintilian further argues that the methods established in geometry provide 


essential foundations for logic and proof that are of fundamental value in all rhetorical contexts, 
and a strong command of geometry is very often useful in countless other ways, especially by 
providing a check against many erroneous beliefs—a case for geometry’s inclusion in general 
education that was also made by Galen a century later.””* Quintilian understood geometry to 
include the mathematical elements of the study of astronomical theory, which he also says has 
various uses for an orator.” Quintilian thus defended the entire enkyklios as the best education of 
his day and the standard everyone should aim for as far as they were able, and at least some 
achieved. Like Tacitus and Cicero, Quintilian went beyond the enkyklios to advocate the whole of 
natural philosophy as a worthy subject of study, but we shall discuss his remarks on that point later. 

Apart from defending their practical uses, Quintilian echoes Isocrates when he argues that 
subjects like geometry and music theory are better distractions for juveniles than the trouble they 
could get into as delinquents.”°° He also argues that these topics served as a useful way to break the 
monotony of literary studies, thus benefitting education as a whole.?°” And just as Aristotle 
frowned upon pursuing them for mere gain, Quintilian praised the “stable and lasting rewards” 
that only “knowledge and contemplation” of such subjects can bring—rewards, he believes, that 
will win a man’s heart away from vice and turn him to nobler occupations and entertainments.” 
This was not an uncommon view. The Jewish philosopher Philo, writing early in the lst century 
A.D., composed a highly mystical and allegorical treatise on the enkyklios, arguing throughout that 
all seven subjects ought to be pursued because they are necessary for the acquisition of virtue. As 
Philo insists, “we cannot attain virtue until we attain its handmaiden,” the enkyklios, which he calls 
“the road to virtue.”2°’ Likewise, Cicero argued that teaching science to the wider public would 
“banish fear and false religion from confused men” and thus would be a positive good, which many 
agreed would have practical benefits to the state.?!? For example, using science lessons to better 
manage soldiers, a technique found not only in Cicero, but explicitly described in Roman manuals 
on military strategy.7!! 

Modern scholars of ancient education think geometry was ‘mostly’ of interest to specialists, and 
would be seen as a kind of special vocational track in secondary school, pursued if one planned to 
seek an apprenticeship or education in a field that required it (like philosophy, astrology, surveying, 
engineering), although the remarks we've seen from ancient authors entail many among the 
wealthier classes would also have pursued it simply out of personal interest or the high expectations 
of their parents or patrons. Philo, for example, reports that he studied the enkyklios in his youth 
because of his desire to study philosophy, but he knows of many people who do not continue on to 
philosophy but stop at completing the enkyklios, or continue further in one of its subjects.?!* But 
this entails such an exceptional education had to have been widely available, and just not 
universally pursued.”!? Another example is Nicolaus of Damascus, the famous Aristotelian (and 
court historian to Herod the Great), who wrote in his autobiography that since he was a boy he had 
avidly studied music and “the theory of mathematics” (by which he most probably meant the 


remainder of the quadrivium: arithmetic, geometry, and astronomy), as well as “grammar,” 
“rhetoric,” and “all of philosophy” (which would thus include dialectic, completing the trivium).?!4 
Like Philo, he mentions how one could study each of these subjects to differing degrees as one 
desires, and that all were available to study. So clearly many among the elite were doing this. 

Although this still meant that for most students mathematical education never went beyond 
basic arithmetic and included “minimal concern for developing critical thinking and creative 
ability.””!° And as for geometry, so for science education generally (although in all honesty, 
modern American education fares little better by this measure, and it may be that no general 
education system ever has). However, it is possible this disparity has been exaggerated, insofar as 
these conclusions rely mostly on evidence from extant school exercises preserved on papyrus and 
potsherds. For we cannot expect to have comparable physical evidence of school work in geometry, 
since it was taught with a sandbox and by a specialist, and teachers and students of geometry would 
not have consumed costly papyrus, or ink on ostraca, when they already had a suitable medium for 
their work.7!© The physical evidence therefore must underrepresent how often geometry was 
actually studied. Though by its nature it was still more expensive, less necessary, and not 
universally advocated or required, and thus a majority of grammar students will not have studied 
geometry, nevertheless the minority who did was probably larger than the physical evidence has 
been taken to suggest. In a similar fashion (as already noted in the previous chapter), “pupils who 
wanted to learn rhetoric seem typically to have moved to large towns and cities to do so, and these 
are places from which texts composed by pupils do not generally survive,” a fact that would also 
skew the evidence regarding what actual and prospective students of rhetoric actually studied, or 
even hide disparities in focus between urban and rural students generally.7!7 

These problems do not change the overall conclusion that pursuit of the full enkyklios was not 
the majority experience in ancient education. As Quintilian and Gellius both observed, too many 
students for their liking were entering higher education without it.”!8 Yet Plutarch observed 
enough students completing the full enkyklios to confirm it was not exceptionally rare. He even 
expected students to complete some philosophical training at the secondary level simply to prepare 
them for exposure to philosophical subjects in higher education, and he clearly knew many 
students who had done this.!? This probably meant completion of the enkyklios. For he knew 
many students who not only entered higher education prepared with a prior training in logic and 
mathematics, but who would annoy professors by interrupting their lectures with advanced 
questions or complex mathematical or logical problems, simply to show off their expertise in these 
subjects.”” These rambunctious teens surely represented only a fraction of the otherwise well- 
behaved students who had completed the enkyklios, and yet these braggarts were clearly common 
enough to become a regular problem for professors, hence an example Plutarch could use for what 
a well-behaved student should not do. 


The enkyklios and its science content were thus pursued by a great many students in antiquity, 


even if they were only a minority among the elite. By comparison, how many youths studied the 
enkyklios and its basic science content in the Middle Ages? I suspect it is not likely even to be 
comparable, much less greater. But I must leave that for others to determine. 
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Dionysius of Halicarnassus (late 1st century B.C.), Aelius Theon of Alexandria (1st century A.D.), Lucian of Samosata (2nd century 
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145. See Stahl 1962 and 1971, who documents a decline in the quality of this education in Latin schools during and beyond the 4th 
century, although he over-exaggerates the quality of this education before the Roman period. As we shall see in a moment, however, 
Stahl’s claim that “the only people who seriously promoted the study of all seven liberal arts were philosophers” is false (Stahl 1971: 
91). Most philosophers did have a special interest in the mathematical and scientific content of the enkyklios, but so did the most 
noteworthy professors of rhetoric. 


146. Even before the terminology existed, the trivium had become the standard universal education and was long considered a 
complete literate education, while the quadrivium was explicitly identified as a complete mathematical education at least by the end of 
the 1st century A.D., when Nicomachus of Gerasa wrote in his mathematics textbook, Introduction to Arithmetic 1.3.4, that “the four” 
subjects included under “mathematics” were arithmetic, geometry, harmonics (i.e. music), and astronomy. For background see OCD 
1014 (s.v. “Nicomachus (3)”), DSB 10.112-14 (s.v. “Nicomachus of Gerasa”), and EANS 579 (s.v. “Nikomakhos of Gerasa”). A Latin 
edition of this was produced by Apuleius in the 2nd century (cf. S.J. Harrison 2000: 31-32). Nicomachus also produced textbooks on 
harmonics and geometry and it is reasonable to assume he had planned or even completed one on astronomy (for evidence see 
D’Ooge et al. 1926: 81-82). But already in the early 4th century B.C., Archytas (a Pythagorean expert in harmonics) asserted that 
arithmetic, geometry, music, and astronomy are all interrelated, so some idea of the quadrivium had appeared even well before 
Roman times (DSB 1.231-33, s.v. “Archytas of Tarentum,” OCD 145, s.v. “Archytas,” and EANS 161-62, s.v. “Arkhutas of Taras”). 


147. On efforts to classify medicine as a liberal art see Kudlien 1976, but the idea is most eloquently voiced in Plutarch, Advice on 
Keeping Well 1 (= Moralia 122d-e). In contrast, gymnastics and drawing fared better. Aristotle had said in his day there were four 
customary subjects of education—reading and writing, gymnastics, music, and drawing (Aristotle, Politics 8.2.1337b)—and several 
Roman authors agreed drawing should be included in every student’s education (Pliny the Elder, Natural History 35.36.77; Plutarch, 
Life of Aemilius Paullus 6.5; and probably Varro, cf. Rawson 1985: 193, 198) while gymnastics definitely won a place in standard 
education, though perhaps more so in Greek communities than Latin: Galen is describing a Greek’s education in Advice for an 
Epileptic Boy 2-5, which simply assumes a student went to gym class, whereas we find some distaste for gymnastics in the Latin 
author Quintilian (as we'll soon see). On the issue of athletics in ancient education in general see König 2005 and Petermandl 2014. 


148. Ancient algebra is discussed in Christianidis & Oaks 2013 and Derbyshire 2006: 31-42; see also DSB 4.110-19 and 15.118-22 (s.v. 
“Diophantus of Alexandria”), EANS 267-68 (s.v. “Diophantos of Alexandria”), and OCD 465 (s.v. “Diophantus”), which correctly 
dates him “between 150 BC and AD 280,” hence probably Roman-era. A good case for dating Diophantus to the Ist century A.D. is 
presented in Knorr 1993 and Russo 2003: 322-23 (esp. n. 230). Some basic principles of algebra might date as far back as the 4th 
century B.C., cf. DSB 13.399-400 (s.v. “Thymaridas”) and EANS 808-09 (s.v. “Thumaridas (of Paros?)”). Similarly, while basic 
principles of trigonometry were already developed as early as the 3rd century B.C., plane and spherical trigonometry were fully 
formalized by Menelaus in the 1st century A.D., cf. DSB 9.296-302 and 15.420-21 (s.v. “Menelaus of Alexandria”), EANS 546 (s.v. 
“Menelaos of Alexandria”), and OCD 932 (s.v. “Menelaus (3)”), as well as OCD 1507 (s.v. “trigonometry”), with analysis in Russo 
2003: 52-55 and Van Brummelen 2009 and 2013. Modern systems of trigonometry and algebra are entirely different, as both sciences 


were all but forgotten and had to be reinvented, this time by medieval Indians and Muslims respectively, who improved both before 
diffusing them to the West. But the ancient systems still worked and achieved the same basic goals. 


149. Hein 2012. On ancient combinatorics see: DSB 15.220 (in s.v. “Hipparchus”) with Russo 2003: 281-82, Netz 2003: 283-84, Netz, 
Acerbi & Wilson 2004, Netz & Noel 2007: 54-59, 233-60, Bobzien 2011, and the bibliography in DSB 15.223- 24 (even Plutarch was 
aware of combinatorics: Plutarch, Tabletalk 8.9 = Moralia 732f-733a). On ancient logistics and other mathematical fields see: Geminus 
(1st century B.C./A.D.) as paraphrased in Proclus (5th century A.D.), Commentary on the First Book of Euclid’s ‘Elements’ pr.1.13.38- 
42, with translation and commentary in Evans & Berggren 2006: 43-48, 243-49. On isoperimetry see: DSB 14.603-05 (s.v. 
“Zenodorus”), OCD 1588 (id.), and EANS 845 (s.v. “Zenodoros”). The educator Quintilian shows a sound grasp of the uses and 
principles of isoperimetry and gives several examples of why generals, historians, surveyors, and lawyers needed to learn it (Education 
in Oratory 1.10.39-45). Examples of its application and discussion are found in extant surveying manuals from the early Roman 
empire (e.g. Campbell 2000: 12-13) and it found use even in biology (e.g. see Cuomo 2000: 57-90 for its use in apiology; Aristotle, 
Posterior Analytics 1.13.79a for its use in medical physiology). So clearly these subjects were often known and even learned by non- 
specialists. 


150. For example, Vitruvius, On Architecture 1.1.4, 1.1.7, 1.1.16. 


151. Morgan 1998: 35; cf. Vitruvius, On Architecture 1.1.8-9. That many among the elite had received such an education in the science 
(and not merely the craft) of music is shown in Barker 1994: 59-60, and (though less thoroughly) in Vendries 2004; note that Vendries 
incorrectly believes there is no evidence “d’une anticipation du trivium...et du quadrivium” (“of an anticipation of the trivium...and 
the quadrivium”) in the early Roman period, a conclusion refuted by evidence in our present chapter, as well as by the survey in 
Stiickelberger 1965: 32-44, 46-52 and comments in J. Barnes 1988: 56-57. 


152. On the actual content of astronomy taught in the encyclical curriculum see Evans & Berggren 2006: 8-12 (and for a textbook 
applying astronomical science to the philosophy of cosmology around the same time see Bowen & Todd 2004). 


153. Known in Latin as the Disciplinae or the Disciplinarum Libri IX. Although this appears to have been the first such book in Latin, it 
was certainly not the first time Romans were exposed to these subjects, since their bilingual elite had already been familiar with Greek 
education—many had even studied in Greece—for a century or more before Varro wrote. See Stahl 1971: 96 (and 7: n. 11); Clarke 
1971: 2; and DSB 13.588-89 (s.v. “Varro, Marcus Terentius”), OCD 1441 (s.v. “Terentius Varro, Marcus”), and EANS 774-78 (s.v. “M. 
Terentius Varro of Reate”). A Latin epitome (or inferior plagiarization) of Varro’s encyclopedia may have been produced in the mid- 
3rd century by Censorinus, of which fragments survive (see DSB 3.175-76, s.v. “Censorinus,” OCD 296, id., and EANS 212, s.v. 
“Censorinus (II)”). 


154. Stahl 1971: 44-53; Rawson 1985: 158-59. 


155. Evidence of considerable knowledge and interest in medical science among educated laypeople in the Roman period is surveyed in 
Nutton 1985 and 2004: 252-53 (with Ballér 1992 and Durling 1995). Note that an encyclopedia of the arts superior to Varro’s was 
produced a century later by Aulus Cornelius Celsus, which also included medicine as a subject. Were not sure of the full range of 
subjects this treated (we have only scattered hints in Quintilian, Education in Oratory 12.11.24, and Columella, On Agricultural 
Matters 1.1.14), but its treatment of medicine is rather superb: see DSB 3.174-75 (s.v. “Celsus, Aulus Cornelius”), NDSB 2.81-84 (s.v. 
“Celsus, Cornelius (Aulus)”), OCD 377 (s.v. “Cornelius Celsus, Aulus”), EANS 217-19 (s.v. “A. Cornelius Celsus”), with Scarborough 
1970: 298-302. For a brief comparative analysis of the encyclopedic works of Cato, Varro, Celsus, and Pliny, see Doody 2009. 


156. Suetonius, Virgil 15, says that in his early education Virgil devoted himself to “the study of medicine and to a great extent 
mathematics.” 


157. Galen’s education will be discussed in chapter seven. But for some examples of Galen’s inclusion of engineering in an ideal 
education and of his own considerable knowledge of the subject see Galen, On the Affections and Errors of the Soul 2.2-5 (= Kühn 5.64, 
5.68-5.69, 5.80-5.91), though more examples will be cited later. Galen’s effort to promote a full encyclical education is also reflected in 
his treatise Exhortation to Study the Arts. 


158. Plato, Republic 7.525a-531e (and see Stahl 1971: 90-98). On the enormous advances in these sciences after the era of Plato and 
Aristotle, continuing into the Roman period, see Carrier 2010, Russo 2003, and Rihll 1999. I will treat the subject in some detail in The 
Scientist in the Early Roman Empire. 


159. Aristotle, Nicomachean Ethics 6.8.1142a. 
160. Bonner 1977: 78-79; Clarke 1971: 3-5. 


161. Plato, Republic 7.525a-531d. Plato said the final field of study this would all lead to was dialectics (ibid. 531le-532d), so with 
rhetoric and grammar (in fact the latter being a necessary preparation for the former), that completes the seven-discipline curriculum 
that nearly everyone would accept as the ideal education for at least a thousand years. 


162. Marrou 1981: 193. 
163. Marrou 1981: 195. 
164. As Demont 2004 shows with respect to the same argument in Marrou 1964. 


165. Poulakos 1997: 98. Like Poulakos, Hutchinson 1988 also produces a more accurate analysis of how Plato, Isocrates, and Aristotle 
really differed (and as often agreed) on the purpose, process, and ideal content of education. Wareh 2012 argues that ongoing debates 
between Isocrateans and Platonists produced this alignment of interests. 


166. Isocrates, Antidosis 261-69 (translations adapted from the Perseus Digital Library). Notably, what Isocrates is saying may be 
correct: the study of the sciences, even if the material learned is itself never used or retained, might nevertheless increase what is today 
called the Intelligence Quotient, or IQ, explaining what is now called the Flynn Effect: a documented rise in IQs among nations with 
strong national primary and secondary science education, in particular the form of intelligence known as Hypothetical-Categorical- 
Abstract Reasoning, which is of particular value to citizens in a democracy (in exactly the way Isocrates claimed) and to any culture 
that would become in any way scientific. See discussion and sources in Cheyne 2010. 


167. Isocrates, Panathenaica 26-32. 

168. Seneca, Moral Epistles 88 (fully analyzed in Stiickelberger 1965 and more briefly in Kidd 1988: 359-65). 
169. Cicero, On the Republic 1.18.30. 

170. So Poulakos 1997: 100-01. 

171. Poulakos 1997: 99. 

172. Seneca, Moral Epistles 88.36-41 (with other parallels to Isocrates in 88.2 and 88.29-30). See Stiickelberger 1965: 46-52. 
173. Galen, On the Doctrines of Hippocrates and Plato 9.7.9-9.9.14. 

174. This was the common view of education, even of the encyclical: Morgan 2011. 

175. So Isocrates, Panathenaica 12 and Antidosis 130-36, 174, 285. 

176. Bonner 1977: 65-66. 

177. On Cicero’s educational views see Bonner 1977: 81-89. 

178. Cicero, Brutus 44.10. 


179. Cicero, Orator 15.3 (citing Plato, Phaedrus 269e). Notably Cicero has just described in this paragraph some of the basic skills of 
Hypothetical-Categorical-Abstract Reasoning (see earlier note). 


180. Cicero, Orator 119.6 (see also On the Orator 1.20, 1.72 and 2.5). 


181. Note that the precise division of philosophy into logic, ethics, and physics (meaning the whole study of nature, not just what we 
mean by physics today) was introduced at least by the time of Aristotle and became routine after Isocrates. Plato is often credited as 
the first to develop it (see Dillon 1993: 57). 


182. Cicero, On Divination 2.30.2-11. 

183. Cf. Cicero, On Invention 1.8; On the Orator 3.107-10. 

184. Gwynn 1926: 101; cf. Cicero, On the Orator 1.10.44-1.18.84. 

185. Cf. Cicero, On the Orator 1.53-57, 2.65-70. 

186. Cf. Cicero, On the Republic 5.5.14 and On the Orator 1.15.65-1.18.84. 
187. Strabo, Geography 1.1.20-22; Vitruvius, On Architecture 1.1.11-18. 
188. For all the above: Tacitus, A Dialogue on Oratory 30.2-7. 

189. Tacitus, A Dialogue on Oratory 31. 


190. On the rising phenomenon of ‘philosophical eclecticism’ see chapter seven. 
191. Tacitus, A Dialogue on Oratory 32. 

192. Tacitus, A Dialogue on Oratory 32.3. 

193. Quintilian, Education in Oratory 1.10.1. 

194. Quintilian, Education in Oratory 1.10.2. 

195. Quintilian, Education in Oratory 1.10.3, 1.10.4, 1.10.8. 

196. Quintilian, Education in Oratory 1.12.16-18. 

197. Quintilian, Education in Oratory 1.10.4-8. 

198. Quintilian, Education in Oratory 1.10.5-8. 


199. Quintilian, Education in Oratory 1.10.9-33 (he argues music’s study and veneration is very ancient, has long been the admirable 
pursuit of famous and revered men, is closely associated with the divine, has many laudable and useful functions, will improve an 
orator’s ability to control and improve his voice and body language, and is essential to reading and reciting poetry, which was always 
a central concern of ancient education). 


200. Quintilian, Education in Oratory 1.10.34. 


201. Quintilian also includes training under an actor among the ancillary studies (Education in Oratory 1.11.1-14), for perfecting such 
things as presence, diction, and delivery, but it is unlikely he imagined this to be a part of the enkyklios. Likewise, he gives a nod to 
gymnastics (ibid. 1.11.15-19), only as far as studying under a ‘movement coach’ to perfect bodily grace and other uses of body 
language, since he disapproved of further attention to gymnastics, though implying at the same time that gymnastics was more 
commonly a standard element of Greek education (see earlier note on educational athletics). 


202. Quintilian, Education in Oratory 1.10.35-36. Cicero makes the same point about ignorance of the liberal arts causing undesirable 
embarrassment in On the Orator 1.16.72-73. 


203. Quintilian, Education in Oratory 1.10.49 and 1.12.14. 
204. Quintilian, Education in Oratory 1.10.37-49. See discussion in Cuomo 2000: 47-48 (Quintilian) and Cuomo 2001: 187-88 (Galen). 


205. Quintilian, Education in Oratory 1.10.46-48; cf. also 1.4.4. The division of astronomy into its mathematical and physical aspects is 
a phenomenon I'll discuss in The Scientist in the Early Roman Empire, but may have been influenced by the fact that the mathematics 
could be taught by a geometrician aiming foremost to teach abstract principles while the astrophysical part could be taught by an 
astronomer aiming foremost to teach specific facts and practices. That both aspects of astronomy were nevertheless a common part 
of education is further implied by Cicero in On the Orator 1.35, 1.128, 1.149, 1.158, 1.187, 2.28. The same implication follows from 
Seneca’s remarks in Moral Epistles 108.1, 114.10-19, 115.1 (and most of epistle 88). 


206. Quintilian, Education in Oratory 1.12.18. 
207. Quintilian, Education in Oratory 1.12.4-5, 1.12.13-14. 
208. Quintilian, Education in Oratory 1.12.16-18; compare Aristotle, Politics 8.2.1337b. 


209. Philo of Alexandria, On Mating with the Preliminary Studies 3.9-11, 4.14-18, 14.74-79 (throughout he explicitly names only six of 
the standard seven, omitting arithmetic, but he adds arithmetic to geometry and harmonics in On the Special Laws 2.32.200 and On 
the Creation of the World 37.107); and Philo, On Agriculture 3.14-4.20 (which also adds natural, moral, and dialectical philosophy in 
making the same point; cf. also Philo, On the Change of Names 10.70-76). In Mating Philo uses the ‘handmaiden’ theme to produce 
allegorical interpretations of various biblical passages and stories, especially Abraham’s ‘conjugal’ relations with Sarah and Hagar. 
For more on Philo’s views see chapter nine (I will further explore his views in Scientist, where I shall also discuss how Philo’s 
‘handmaiden’ idea was later adapted by Christians to subordinate the whole of philosophy to the gospel, which is also touched on 
briefly here in chapter nine). 


210. Cicero, On the Republic 1.15.24-1.16.25. Examples of others lauding its value to the state: Valerius Maximus, Memorable Deeds 
and Sayings 11.1; Plutarch, On Superstition 8 (= Moralia 169a-b). 


211. Frontinus, Stratagems 1.12, who entitles an entire chapter “On Undoing the Fear Which Soldiers Derive from Adverse Omens,” 
where seven examples involve manipulating the superstitions of soldiers (§ 1, 2, 4, 5, 6, 7, 12) but three examples are of using science 


lessons to the same end (§ 8, 9,10). 

212. Philo of Alexandria, On Mating with the Preliminary Studies 14.74-79. See Sandnes 2009: 68-78. 
213. Clarke 1971: 47-49. 

214. FGrH (Die Fragmente der griechischen Historiker) 90.F132 (= Suda, s.v. “Nikolaos” [nu 393]). 
215. Cribiore 2001: 180-84. 


216. On the use of sandboxes in geometry: Clarke 1971: 51-52; Bonner 1977: 77; cf., e.g., Seneca, Moral Epistles 88.39. Other educational 
aids existed. Wax tablets, often in codices of multiple leaves, were common equipment for ancient students. And Lucian, Nigrinus 2, 
describes the classroom of a Platonist teacher, who had among his teaching aids “a [wax] tablet filled with figures in geometry and a 
reed sphere, apparently made to represent the universe.” On the use of similar spheres in education see Clarke 1971: 52. Wealthier 
teachers could have elaborate armillary spheres for use in their lectures (e.g. Theon of Smyrna, Aspects of Mathematics Useful for 
Reading Plato 3.16.146; ’'ll discuss the use and manufacture of such advanced instruments in The Scientist in the Early Roman Empire). 


217. Morgan 1998: 7. 


218. Aulus Gellius Attic Nights 1.9.6-7; Quintilian, Education in Oratory 1.12.16-18 (with 1.10.3-8). Galen, too, says “most people 
pretending to some education” have not studied geometry: On the Uses of the Parts 10.12 (= May 1968: 490, 492). Nevertheless, many 
nonscientists did study mathematics and mathematical sciences (cf. Netz 2002: 210-13 on Polybius as an example). 


219. Plutarch, On Listening to Lectures 2 (= Moralia 37£). 
220. Plutarch, On Listening to Lectures 10 (= Moralia 43a-b). 


6. HIGHER EDUCATION 


Whether completing the enkyklios or not, the next stage of education was to attend the lectures of a 
professor. As this began in one’s mid to late teens, ancient “higher education” could be thought of 
as overlapping the latter part of what we now call “high school” in America. But many could begin 
such studies at a later age, depending on their circumstances. Limits on who could attend were 
created by the need for books and advanced reading and writing skills and materials, as well as the 
high fees, and the rarity of both professors and opportunities to become their student (in both 
numerical and geographical terms). These difficulties conspired to lock out most of the ancient 
population by far. And yet for most students, who did not complete the enkyklios, most if not all 
exposure to science (all serious facts, theories, methods, and concepts in the study of nature) took 
place only in higher education. Moreover, the predominant form of higher education consisted of 
the study of rhetoric—which included a full range of skills in public speaking and argument, but 
did not involve very much attention to science. The main purpose of rhetorical schools was a 
preparation for service as an advocate in government and courts of law.’”! This is repeatedly 
assumed by Eumenius in his appeal for the rebuilding of a school at Autun, for example.’?” Thus 
science was not a focus, any more than it tends to be in modern law schools. 

Even what limited scientific content a student of rhetoric would be exposed to would mostly 
enter the curriculum only in later years, and yet not all students at this level completed a full course 
of study. Many finished just enough schooling to get ahead in society, which generally meant they 
often dropped out before getting any more significant exposure to scientific knowledge.” For 
example, Seneca says his friend Lucilius commendably studied philosophy and the liberal arts 
despite his poverty and the temptation only to study rhetoric just enough to make money.” 
Similarly, in his Teacher of Rhetoric Lucian parodies teachers who offered an accelerated (and thus 
absurdly abbreviated) rhetorical training for the same purpose.” The preliminary years of 
rhetorical training also remained focused on poetry, only gradually moving to prose, which became 
a significant element of the curriculum only in the final years, and even then, science content 
would still mostly have been in the form of incidental comments, digressions, and analogies, and 
incidental zoological and geographical detail, since history and oratory were the primary genres 
studied, rather than actual scientific, technical, or philosophical treatises. In Greek, Demosthenes 
was always studied intensely, but also Isocrates, then Hyperides and Aeschines, sometimes Lysias 
and Lycurgus, and only afterward were historians considered, the most popular in use being 
Herodotus, and at more advanced levels of study, Theopompus, Xenophon, Philistus, Ephorus, and 
Thucyidides.”*° The typical Latin curriculum did not differ substantially in the kind of books 
employed.””” The science content of such works was minimal Herodotus, for example, was one of 
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the most popular historical texts studied at this leve and it included some geography and 


natural history and a few doses of the fantastical, but almost no science.””? Thus, even at best an 
education in rhetoric did not contain a great amount of scientific content. 

Hence all significant science education took place elsewhere, either in schools of philosophy, 
which only a minority of students at this level attended, or under the tutelage of actual scientists, 
which was available to fewer still. Those who decided to pursue practical or academic careers in 
philosophy, medicine, astrology, or engineering, rather than focusing all their energies on a generic 
rhetorical education, would come away with a far more impressive science education than anyone 
else in the Roman empire, though in varying degrees. As noted in chapter one, this differs 
considerably from today, since the Scientific Revolution has transformed our educational values. 
Now science is a major pursuit in colleges and universities, and has become a fundamental element 
of all school curricula even at the elementary level and especially at the secondary level and 
beyond. Thus scientific knowledge, and what was in antiquity advanced mathematics (geometry, 
algebra, and trigonometry), is today an educational mainstay, exactly the opposite of antiquity, 
where literacy and oratory and the skills related to reading, composition and argument represented 
the primary educational values, and most preparation for higher education consisted of the mastery 
of fundamentals related to those pursuits, leaving science as an ancillary or specialized interest even 
at the highest levels. But I suspect very much the same could be said of the Middle Ages. 

However, Marrou was incorrect to conclude that “science played only a small part in Hellenistic 
education” and “was taken up by an even smaller minority of specialists than philosophy.””°° 
Because the enkyklios paideia had considerable science content (as demonstrated in the previous 
chapter) and would have been pursued by more people than even went on to higher education at 
all, much less to study philosophy. And as we shall see in chapter seven, all the major philosophy 
schools taught some measure of science, too. But Ben-David is right that “science was virtually 
absent from the curricula of the rhetorical schools which were the most widespread educational 


institutions” of the time.??! 


And Cribiore concurs. “Science” in the sense of “higher mathematics, 
geometry, or astronomy,” and “philosophy” were taught by “specialized instructors” and were “not 
part of standard education” but instead “attracted a very restricted student population.”*°? This is 
confirmed by Apuleius, who says most do not go beyond rhetoric nor even finish the enkyklios, and 
Diodorus, who says most who attend schools of rhetoric eventually give up their studies to earn a 
living instead, while only a few go on to study philosophy (or anything more advanced).?°> 
Although again the conclusion must not be taken too far, since in absolute numbers this could 
still mean quite a lot of students, e.g. even if only 1 in 5 students at the secondary level completed 
the enkyklios, that would still amount to tens of thousands in any generation. Beyond the enkyklios 
the numbers would be thinner. But natural philosophy did not become a significant element of any 
standard higher education in the West until the 12th century at the earliest, and even then it only 
gradually developed a broader impact.” This must have had some impact on the future of science, 
but the Scientific Revolution still did not arrive for another three hundred years, so whatever that 
impact was, it clearly was not sufficient to cause a revolution, unless by a gradual snowball-effect it 


actually required centuries to have its overall consequence—by, for example, slowly growing the 
number of persons both interested and competent in the sciences until their number reached a 


critical mass that tipped the scales of social values.” 


However, it is not yet clear whether the 
number of persons exposed to a university education in the High Middle Ages or even the early 
Renaissance was substantially greater than the number of persons exposed to an education in 
philosophy or the sciences in antiquity, and this question cannot be resolved here. Mere attendance 
alone would be an insufficient measure anyway, since the actual science content of medieval 
university curricula was very limited and circumscribed. In fact, if we are only talking about a 
standard university education, then medieval science content did not go much beyond what the 
ancients were already teaching in the enkyklios. Thus medieval higher education should not be 
compared with ancient higher education alone, but ancient higher and encyclical education 
together. 

There is also no evidence of a declining importance of the sciences in ancient education, either 
before or during the early Roman Empire, as has been claimed by Marrou and Grant.**° Neither of 
them present any convincing evidence that science was prominent in education at any time in 
antiquity. By advancing only two or three unrepresentative and idiosyncratic examples wholly 
insufficient to establish a generalization, they latch onto the unjustified assumption that science was 
somehow more pervasive in Classical or early Hellenistic education, and thus when the evidence 
becomes more substantial (with the expansion of Hellenistic education throughout what would 
become the Roman empire), they perceive an illusion of decline, when in fact the education that 
became universalized across Europe and the Mediterranean was essentially identical to the 
education most widely pursued from the start. Just as there were exceptional cases before that 
expansion, there continued to be exceptional cases after it, allowing no basis for generalizing any 
imagined decline in attention to mathematics or science. Such attention was always minimal and 
exceptional. Similarly, the quality of even the limited science content in ancient education, at all 
levels and in all historical periods, was never high relative to what specialists knew and taught even 
then, much less now.?°” 

True, we hear a complaint about Roman teachers so occupied with competing for students that 
they downplayed the teaching of boring or profound subjects and instead emphasized topics, 
examples, and analogies that were either entertaining or frivolous, yet there is no good evidence 
that anything had ever been significantly different in this regard, nor any reason to believe anything 
would have been.” The social and economic demands on teachers had never changed, nor had 
the interests of the privileged class. A substantial increase in the availability of education compared 
to the Classical period, which must have taken place under the increasing expansion and economic 
benefits of the Hellenistic and Roman periods, would have the effect of increasing the market for 
cut-rate teachers and half-educated pretenders, even while the availability of a quality education 
remained as small as it had ever been. Though the proportion of the badly educated to the superbly 
educated may have remained the same, the overall increase in numbers would make the rise of 


badly educated students far more visible and alarming, creating the subjective impression of a 
decline. However, when we survey what objective evidence there is of what the literate were 
actually teaching, studying, or knew, we look in vain for any supposed heyday of widespread 
science education in the ancient world. Thus, while Bonner hypothesizes that “the more urgently a 
teacher felt the need to prepare his boys to demonstrate their ability in declamation, the less ready 
he was to recommend the study of subjects of less immediate relevance, such as arithmetic, 
geometry, musical theory and astronomy,” this had always been the case, even at Athens in the 
days of Protagoras or Isocrates.**? It made no greater difference under the Romans. 

All that aside, schools of rhetoric would usually be the first time a student would learn any 
significant skills of argument and reasoning, including a basic arsenal of logical and rhetorical forms 
with which to criticize or refute an opponent or to argue for and defend a position (as well as skills 
pertaining to oral and literary creativity). The ultimate aim of such education was “an almost 
unfailing precision in analyzing the pros and cons of cases,” mainly as would arise in legal or 
political debate.**° Students who completed grammar school and got no further will have received 
almost no such experience. But if a student continued, then a full course of study in rhetoric 
typically took five to seven years, and most commonly began in a student’s mid-teens.7*! Many 
professors required students to pass an oral “entrance exam” of sorts to demonstrate their adequate 
preparation.” But standards varied, and there were many lousy or ignorant teachers, which would 
not have helped in the dissemination of sound natural philosophy, or the reliable transmission of a 
natural philosophers epistemic values, even as occasions arose in oratorical commentary and 
discussion.” But the best educators still insisted on as much study of natural philosophy as was 
reasonable and useful. Quintilian, for example, declared that “no one will achieve sufficient skill 
even in speaking, unless he makes a thorough study of all the workings of nature and forms his 
character on the precepts of philosophy and the dictates of reason,” referring to all three branches 
of philosophy as an interrelated whole.74 

In fact, Quintilian argues, “natural philosophy is far richer than the other branches of 
philosophy” in providing lofty subjects to speak on; it is essential to many important political and 
legal debates about such things as the efficacy of divination and oracles and other matters of 
religion; and moral philosophy requires a knowledge of human nature and the function and 
purpose of the universe, which only natural philosophy can provide. Besides all that, Quintilian 
asks, “how can we conceive of any real eloquence at all proceeding from a man who is ignorant of 
all that is best in the world?” And here he repeats the examples Cicero had offered, as we saw 
above, of Pericles and Demosthenes, and Quintilian now adds Cicero himself, “who often 
proclaimed the fact that he owed less to the schools of rhetoric than to the walks of the Academy” 
and would “never have developed such amazing fertility of talent if he had bounded his genius by 
the limits of the forum and not by the frontiers of nature herself.””4? An example of an orator’s 
need for natural philosophy is offered by Aelius Theon of Alexandria (writing a generation or two 
before Quintilian), who proposes an abortion case in which the physiology of a fetus becomes a 


point at issue.” There was thus an evident value for natural philosophy in the best schools of 
rhetoric, and in fact the best orators were expected to study it at least enough to speak intelligently 
on the subject.” And competition for favor, prestige and excellence would drive many to follow 
their lead. 

Thus, in ancient higher education science was still a major educational value in the sense of 
being part of the “ideal” education and an actual pursuit of the more ambitious or talented 
students. It was not a major educational value only in the sense of not being a routine or universal 
component of the ancient equivalent of ‘going to college’. Nevertheless, as noted earlier, any 
comparison with medieval higher education will not be so straightforward, as what medieval 
universities taught to grant a ‘bachelor’s degree’ was essentially the enkyklios paideia (discussed in 
chapter five), which in antiquity was studied in parallel to grammar school, and thus prior to what 
we mean here by higher education. Antiquity thus allowed two different scholastic tracks: a fast 
track from grammar school straight to oratory, argument, and law, and a more rounded track that 
was directly equivalent to what one learned as an undergraduate at a medieval university. 
Assessing the relative numbers of students in either track as compared with college students in the 
Middle Ages has not been convincingly done and thus no argument can proceed from an 
assumption of any difference. There may easily have been many more well-rounded orators in 
antiquity than in even the High Middle Ages, leaving no fewer students exposed to the sciences. 
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7. ADVANCED EDUCATION 


The ancient equivalent of ‘going to college’ meant either attending lectures in rhetoric and logic or 
attending lectures in philosophy—or both, either in that order, or simultaneously.” But 
philosophy was always considered a higher calling that fewer studied. Hence I shall consider it here 
as an equivalent of ‘graduate school’, alongside or in addition to the specialized study of an actual 
science (like medicine, astronomy, or engineering). I will discuss schooling in philosophy first (as 
this was far more commonly pursued), and then the education of scientists specifically. 

Although the best orators were expected to know enough science and natural philosophy not to 
look like a fool, in philosophy extensive exposure to such knowledge was more routine. The leading 
schools of philosophy differed as to the extent and kind of natural philosophy that would be taught 
or expected of their students, in ways too complex to enumerate in detail. But in brief, the leading 
schools of philosophy were, in order of apparent popularity (at least among the elite) in the Roman 
period (according to what seems to have been the relative number of adherents and advocates, and 
the relative frequency of praise or admiration found in the sources): the Stoics, the Platonists (and 
Pythagoreans), the Aristotelians (or ‘Peripatetics’), the Epicureans, the Skeptics (including both the 
Pyrrhonists and the Academics), and the Cynics. There was a smattering of minor sects in addition 
to these, but evidence for any of them in the Roman period is scanty or problematic. More 
importantly, eclecticism had become very popular in the Roman era, and thus most students of 
philosophy never aligned with any one school but studied under several, and many would assemble 
their own unique philosophy from elements of them all.74? This is obscured by paying too much 
attention to those few who declared themselves for a single sect, and then mistaking that minority 
behavior for the standard. In fact among the majority of philosophy students, eclecticism, not 
sectarianism, seems to have been the norm. And yet even sectarians studied several sects before 
settling on any. And they all came into constant public debate with each other. Thus, the attitudes 
of any one school were not very important, since the average student would be exposed to several 
schools, at least one of which would involve or require some instruction in science and natural 
philosophy. The exceptions would be those remaining students who dogmatically attached 
themselves to only one school right from the start, or who favored certain schools over others in 
their studies and pursuits. But even then they would be exposed to more natural philosophy than 
any mere orator, and the more so as they debated with adherents of other schools. With all that in 
mind, we can summarize the status of science and natural philosophy in each sect. 

In general, Roman-period philosophy schools taught or required the study of science or natural 
philosophy in varying degrees and for various reasons.”° The Stoics required the study of natural 
philosophy by every student, taught certain fundamental epistemic values that were highly 
favorable to science, and promoted a deeper pursuit of science by the ideal ‘wise man’, though still 


elevating moral philosophy above all.*°! The Platonists also required the study of natural 
philosophy by every student, but mainly the mathematical sciences, and primarily in their 
mathematical more than empirical aspects, often emphasizing contemplation over what we would 
recognize as genuine ‘science’. Nevertheless, the student of a Platonist would gain considerable 
exposure to mathematics and mathematical explanations of natural phenomena.*°* The 
Aristotelians, on the other hand, comprised the pro-scientific sect par excellence, requiring the 
study of natural philosophy of all its students, to a greater and broader extent than any other sect, 
and coming closest to teaching the most successful scientific methods and values.” The Epicureans 
also required their students to study natural philosophy, since it was essential to their moral 
philosophy (a view shared by the Stoics), but the nature and aims of the natural philosophy they 
taught or insisted upon were not always aligned with the actual sciences of antiquity, especially 
since the Epicureans did not as much favor the learning or use of mathematics, did not insist upon 
detailed study or even literacy, and were more content with metaphysically satisfying answers to 
scientific problems than other sects were (as opposed to actually testing their theories).?>“ 
Nevertheless, the student of an Epicurean could expect to acquire considerable, if superficial, 
exposure to the scientific knowledge of their day and to many, though not all, of the epistemic 
values essential to science. 

The Skeptics (a broad category of those who came from a variety of sectarian origins, from 
Pyrrhonists to Academics) ostensibly rejected all facts about nature as unknowable and thus did 
not ostensibly value the study of science or mathematics, except to critique and refute them, which 
ironically entailed studying them extensively, a pursuit that in some cases actually tempered their 
skepticism in favor of some scientific research and results. And in practice most Skeptics accepted 
the pursuit of ‘likely truths’, which also led them to various scientific interests and the acceptance of 
many scientific conclusions. Moreover, they taught students to be very demanding of evidence and 
argument in the face of any claim about the natural world, which could be of considerable aid to 
science.”°° In contrast, the Cynics completely rejected all science and natural philosophy as vain 
and useless, perhaps even dangerous or impious, promoting instead a countercultural 
abandonment of almost all the aims and trappings of civilization.?°° 

Stoicism came to be most respected among the ruling elite in the early Roman empire, and then 
popular focus shifted over the 3rd and 4th centuries to Platonism, which in the end completely 
eclipsed every other school of philosophy except the Aristotelian, which it still nearly drowned. The 
other schools in the early Roman empire enjoyed wide respect and some measure of popularity, 
except the Cynics, who were always a disdained fringe movement with little or no social standing or 


257 and the Skeptics, who were regarded with more ambivalence but still enjoyed only 


influence, 
limited popularity. Thus, while most students who undertook the study of philosophy would gain 
exposure to several sects, especially the most popular ones, most of those who settled on one sect 
still embraced one of the most popular, and since all such sects taught or required the study of 


science and natural philosophy, this means most students of philosophy—most by far—received a 


fairly decent science education, in many cases the best that any layperson could then expect. This of 
course still meant ‘science’ in the ancient sense, which was often filled with as much error and 
poppycock as genuine facts and sound theories, but in terms of social values, schools of philosophy 
by and large embraced and promoted a basic science education and many of the corresponding 
scientific values. 

How a student of philosophy learned science varied considerably. Aulus Gellius reports that 
philosophical education was highly variable in this respect.” How much natural philosophy, much 
less of any scientific kind, that a philosophy student learned depended on which subjects and, as 
we have seen, which schools of thought the student pursued most fervently, and what the interests 
and demands of his particular teachers were. Plutarch says there were specialists in natural 
philosophy who should not be expected to be experts in dialectics or mathematics, and vice versa, 
and that one would attend the lectures of many different experts like these, and accordingly he 
advises students to restrict their questions to what the speaker knows.”? Overall, studying 
philosophy meant to some extent studying the sciences sufficiently for a reasonable lay 
understanding. The more so as the popularity of philosophical debate demanded it. It could be 
socially, economically, and psychologically disastrous to be exposed as an ignoramus in a public 
confrontation, necessitating a sufficient familiarity with the scientific facts that could be summoned 
in support of any argument. A few Christians got wise to this very same problem (at least Clement 
and Augustine, as I'll discuss in chapter nine), but their advice as to solving it was generally 
ignored. And of course not every pagan philosopher heeded such advice, either. But most must 
have, and most extant texts by and about Roman era philosophers confirm this. 

For this reason science and logic became inexorably linked: it was futile to debate and study 
logic if one’s premises were easily challenged by scientific experts and facts. This was similar to the 
way ethics and science became inseparable, because moral philosophy required establishing the 
facts of human nature and the way the universe worked, but also because it was widely believed 
scientific knowledge lifted the spirit above base concerns and was thus essential to developing a 
moral mind.”°° In the same fashion, logic could not be pursued in ignorance of science, while 
science became a battleground for debates in logic, due to the sciences’ many peculiar and pressing 
problems in epistemology and persuasion. Roman scientists were thus fully engaged in this rage for 
logic, Galen writing treatises in logic, Sextus surveying the whole field, Hero employing formal logic 
in his proofs and demonstrations, and Ptolemy writing works on epistemology and even designing 
his Optics with the overriding purpose of resolving logical debates over the accessibility of empirical 
knowledge.7°! 

The point of this digression is that when evaluating the different degrees of science education to 
which an ancient student of philosophy would be exposed, we must account for the effect of 
medieval Christian selectivity in preserving texts from antiquity, which has skewed our perception 
of what was normal. For example, the assumption is sometimes made that Roman Stoicism shifted 
its focus almost entirely to ethics and more or less frowned on logic and natural philosophy as 


pedantic distractions. But this is an illusion created by a later Christian preference for preserving 
the treatises of Stoics who took that position (a position which the Christians largely shared, as we'll 
see in chapter nine), when really those authors (and usually named here are Epictetus and Seneca) 
were freaks in comparison with their peers. In truth, even the great moralist Seneca was an 
advocate of science education and the advancement of scientific knowledge,” making Epictetus a 
freak even next to him. And yet Epictetus was not so wholly opposed to a useful education in 
science and logic, either.?™® And he was at the furthest extreme, and thus as unrepresentative as 
anyone could be. As Jonathan Barnes concludes: 


His own apparently consuming interest in moral precepts and ethical improvement was not 
characteristic of the Stoic philosophers of his age. On the contrary, in this respect at least 
Epictetus was unorthodox: his contemporaries—Stoic teachers and Stoic pupils—were 
obsessed not by ethics but by logic; they gave themselves to logical matters with a passion, a 
single-mindedness, and no doubt a pedantry which galled Epictetus—as it had galled 
Seneca, and as it has later galled so many earnest philosophers. Doubtless Epictetus 
exaggerates. Nonetheless, it seems to me beyond doubt that logic engrossed men during this 
period in the history of philosophy as it has rarely engrossed men in any other period. 


And this was no basic logic they were involved in, but a logic “more subtle, more advanced, 
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more technical” than almost anything that would be seen until modern times. 
thoroughly embroiled in all of this. For just as Barnes found for logic, a Stoic passion for physics is 
likewise documented,” which has also been obscured by a subsequent Christian disinterest in 
preserving very many Stoic treatises in that field. Hence across the empire Stoic education did not 
avoid scientific knowledge but was immersed in it. The same could be said, even if in differing 
degrees, of all the major schools, from the Platonists and Aristotelians to the Epicureans and 
Skeptics. Exposure to scientific knowledge and methods in their lectures and debates would have 
been considerable for any layperson of the time, even when varying from teacher to teacher. 

After philosophy school came specialized science education. Many scientists would move from 
the philosophy schools into the tutelage of a scientific expert, although some might have attempted 
to find such an arrangement without much or any prior training in philosophy—or in some cases 
even the enkyklios, though such students would have to tutor under what we would call a quack. 
Such students would not become ‘ancient scientists’ in our sense of the term, but pseudoscientists, 
teachers of nonsense who did not use any valid methods or even heed the actual scientific 
knowledge the ancients had then achieved. There were a great many such quacks in the ancient 
world, far more so than today, since there were no regulatory agencies and not much popular 
understanding of how to tell a quack from a genuine expert. Everything we have surveyed so far on 
the rarity of education, and the even greater rarity of exposure to significant science content, or 
even training in critical thought, ensured the success of quackery and pseudoscience in all fields, 


and Galen attests to the widespread existence of quack teachers in all scientific subjects.*°° But 
there were genuine experts who sought to compete against this sea of quacks and pseudoscientists 
through their mastery of the skills of rhetoric in addition to the knowledge of their own particular 
art, and therefore there were serious schools all over the Roman world for prospective science 
students who wanted real knowledge. 

As just one example of how genuine knowledge was taken seriously, Strabo comments on the 
need for sound facts in writing on geography: 


The person who attempts to write an account of the countries of the earth must take many 
of the physical and mathematical principles as hypotheses and elaborate his whole treatise 
with reference to their intent and authority. For, as I have already said, no architect or 
engineer would be competent even to fix the site of a house or a city properly if he had no 
conception beforehand of climates and celestial phenomena, and of geometrical figures and 
magnitudes, and heat and cold, and other such things—much less a person who would fix 


positions for the whole of the inhabited world.”°’ 


And this only reiterated what Strabo had argued from the start. As Serafina Cuomo observes, 
“Strabo opens his book by saying that the study of his subject, geography, requires extensive 
knowledge: philosophy, natural history, and especially astronomy and mathematics.””°* Thus, by 
building these requirements for establishing someone’s work as ‘genuine’, a difference could be 
drawn between real and fake expertise, for an architect or engineer as much as for a geographer. 
And of course similar ideas are found throughout the works of Galen in the matter of medicine, 
and Vitruvius in the matter of engineering.” 

I will discuss Galen and Vitruvius more specifically in a moment. But Galen certainly agreed 
with another Roman-period treatise (pseudonymously attributed to Soranus of Ephesus) which 
insists that medical students acquire competence in both natural philosophy specifically and the full 
enkyklios generally, while Vitruvius outright says so of engineering. This reflects a professional 
expectation that a doctor or an engineer should be, as Kudlien says, “a cultivated man who follows 
the standards of the higher social classes.”*’° Thus we see Galen’s treatise That the Best Doctor Is 
Also a Philosopher arguing the “eclectic” position that all branches of all the major schools of 
philosophy must be studied by a doctor, doing which would also have required prior completion of 


the enkyklios, including mathematics and astronomy.?! 


Likewise, a pseudonymous letter of 
unknown date (but attributed to Hippocrates) insists that doctors learn mathematics, and actually 
describes the practical use of mathematical knowledge by a doctor: geometry was necessary for 
understanding the mechanics of joints and bone structure, especially as an aid to surgery, and 
arithmetic was necessary for carefully analyzing the courses of diseases and treatments (and we can 
be sure it was equally essential for the measurements and conversions required in a doctor's 


apothecary art). 


Though a case for doctors to study astronomy was more difficult to make, it was still part of the 
enkyklios, so the best doctors would be expected to have a basic competence in it. And in fact, 
Galen argued that determining seasons and latitudes (which required astronomical knowledge), 
and being able to predict the course of the sun throughout the day (likewise), were essential to 


medicine, and therefore so was astronomy.” 


Comparably, Vitruvius argues throughout his treatise 
On Architecture that an engineer should study all branches of science and philosophy, and that this 
breadth of study in fact would distinguish a real engineer from a hack, setting up the same kinds of 
standards in his field as Galen and others advanced for their own.?”° As noted before, the same 
purpose with respect to the medical profession is obvious in Galen’s treatise On Examinations by 
Which the Best Physicians Are Recognized. Even the best midwives were expected to be literate and 
ideally even more educated than that.?”* Even as far back as the fourth century B.C. astronomers 
and surveyors were expected to be educated.” The architect of the Mausoleum (commonly 
known as one of the “seven wonders” of the ancient world) wrote a book arguing this very point in 
the same century, which advocated a full liberal arts education for engineers.””° 

Likewise, several passages in the Categories of Fields by Hyginus Gromaticus (written in the 
second century A.D.) demonstrate that surveyors were expected to know astronomy, and that 
Hyginus himself was well read in the sciences. Many other surveying treatises from the early empire 
show that surveyors and engineers were expected to be both educated and excellent 
mathematicians.?”” Writing in middle of the first century A.D., Columella says surveyors and 
mathematicians (“measurers and calculators”) had their own teachers and educational traditions 
just as orators do, and says there were actual schools for them.””® He goes on to argue that even 
agriculturalists should be educated in the subject of natural philosophy, especially astronomy and 
climatology, and he declares the requisite knowledge can only come from formal education.?” 

Though Columella is arguing for the formalization of agriculture as a science, and not 
describing what was actually the case, it is relevant that Columella understood that agriculture as 
an academic field could only gain social respect and make real progress if it were formalized with 
an underlying theory and its practitioners were fully cultured and educated in all the basic arts of 
the enkyklios as well as philosophy, just as Strabo had said of geographers, and Galen of doctors, 
and Vitruvius of engineers. The most respected professions were thus often held to certain 
standards that made it necessary for a serious and ambitious doctor, engineer, architect, or 
astronomer to complete a well-rounded education that touched upon the whole range of sciences. 
The best professionals had to be ready to demonstrate not just that their skills and methods 
worked, but that they were serious men of culture and that their art was based on a defensible and 
sophisticated theory.7°° The most successful way to do that was to study science and natural 
philosophy and establish one’s art on the principles established therein. Consequently, science 
education for actual scientists remained strong, at least into the third century A.D. 


So what exactly did that education consist of? Study under professors of the sciences 
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emphasized oral and practical instruction over book learning. 
from today, where labs, practicals, lectures, and internships are viewed as essential, for example, to 
a doctor’s education and even for many engineers and astronomers. Likewise, as today, textbooks 
and reading were still an essential part of ancient medical education, and even more so for the 
mathematical sciences, while lectures and demonstrations were just as effective (if not more so) in 
transmitting scientific knowledge. In fact, any given student would become familiar with several 
different kinds of written texts in their studies, including poems, lecture notes, treatises, collections, 
dictionaries and encyclopedias, “problems and questions” (similar in function to what we now call 
workbooks and FAQs), letters, introductions (what we now call textbooks), and commentaries.”*” 
It’s unlikely a typical student would (or even could) buy all of these. They most likely used copies 
owned by their teacher or available at a local city library; and of course they would have shared 
each other’s texts, as much as they owned any. 

Although it was common in antiquity (though not always the case) for a scientist’s sons or 
kinsmen to follow the same occupation—and certainly kinsmen had an advantage over other 
students, as their education would be considerably cheaper overall and easier to secure—the 
evidence is clear that most students of the sciences came from outside a scientist’s family.?8 They 
would attend a scientist’s lectures, read books on the subject, and often observe or work for their 
professor in the role of an apprentice. As Pve mentioned before, there were really only two 
scientific ‘careers’ that one could make a living from: medicine and engineering. These broad 
categories encompassed numerous specializations and separate interests for any given individual to 
master or pursue (like pharmacology or surveying), but generally all life sciences were undertaken 
by doctors and all physical sciences by engineers. The only thing close to being an exception is 
astronomy, which besides being an occupation of engineers, was also seriously pursued and 


advanced by many astrologers.7*4 


Although even these occupations could overlap (the Roman 
astronomer Ptolemy, of the mid-second century A.D., clearly mastered both astrology and 
engineering), it was at least possible to make a good living as only an astrologer, and so the 
existence of a demand and social position for astrologers will have generated some scientific 
astronomers (as well as a lot of quacks).’°° But in most cases, it was the career of doctor or engineer 
that produced the accomplished scientists of the Roman era. 

We know quite a lot about the education of doctors, but very little about the education of 
engineers.**° Like doctors, aspiring engineers will have relied more on hands-on work as an 
apprentice than on books and lectures, but their education must still have included a significant 
amount of the latter. In fact, much of what one might say about medical education probably 
applied to an engineering education as well, even if there were differences in degree. Marrou’s 
claim that only medicine managed to develop its own particular type of training is not believable, 
especially given the evidence in Vitruvius and the treatises of other Roman surveyors (the 
agrimensores) and engineers.”*’ In fact Peter Rosumek found so much consistency in Roman 
mining operations across the empire he concludes the Romans must have had engineering schools 


with an established body of texts or instruction.’ There is evidence supporting the same 
conclusion from other engineering endeavors, such as hydrological engineering (in not only but 
especially aqueducts) and pump design and manufacturing.” And just as with doctors, the legions 
employed so many engineers there must certainly have been students following on, acquiring and 
then disseminating standard practices and principles.’”° In fact, if anything, medical schools must 
have been even more varied and diverse in their procedures, emphases, and curricula than 
engineering schools would have been—for unlike medicine, there were no sectarian divisions 
among engineers, as there was very little room for disagreement about what they had to know or be 
able to do, or even how to do it. Because the placebo effect will not hurl bullets or hold up a roof. 

The fact that we know a lot more about medical education in antiquity than for any other 
science should not be taken to imply a difference in social value, but rather a difference in practical 
demand. More books by or about doctors have survived than books by or about engineers or 
astronomers—and in fact, a vast deal of what we know about medical education comes from the 
survival of dozens of books from a single and uncommonly chatty author: Galen. So the literary 
record has also been skewed in favor of medicine. More importantly, however, and perhaps part 
cause of the disparity in the literary record, there would have been far more doctors than scientists 
of any other kind. As a matter of practical economics, doctors must always have been in far greater 
demand, and therefore schools, associations, and professors of medicine would have been more 
numerous (and the physical evidence bears this out). For example, there must always have been 
hundreds of times more people, even among the elite, suffering from or worrying about illness or 
injury (whether real or imagined) than undertaking major building projects, while even in the 
army, more doctors would be needed to tend to the troops than engineers would be needed to 
tend to the artillery and military construction projects. Scientific astronomers would be even rarer 
than engineers—unless the demand for sophisticated ‘scientific’ astrologers was enormous, which is 
unlikely. This is not to say any of these professionals would have been hard to find, at least in 
urban areas, but only that scientific doctors would have greatly outnumbered experts in other 
fields. 

To close my discussion of science in higher education I shall provide two examples, one in each 
major scientific field, Galen for medicine and Vitruvius for engineering, the only scientists whose 
education we know much about. Though they are in some respects exceptional, their stories 
probably reflect the experience of the best scientists of antiquity, while the education of lesser lights 
would still have followed similar patterns even if to a lesser degree. 

Galen’s father, an accomplished engineer, taught his son arithmetic, geometry and even more 
advanced mathematics (such as rudiments of trigonometry and mechanics), as well as grammar 
and “other subjects,” instilling in Galen a lasting respect for mathematics and mathematical 
sciences, and their methods.”?! Thanks to his father, Galen had completed the entire enkyklios 
(except rhetoric and dialectic) by the age of 15. At that point his father sent him to study dialectic 
and then philosophy under various professors, first under a Stoic and a Platonist, then an 


Aristotelian, then an Epicurean—all of whom were available in his home city of Pergamum. His 
father probably intended him to become an engineer (it seems to have been a family trade going 
back many generations), but he had a dream in which a god urged him to educate his son as a 
doctor. So at age 17 Galen began studying medicine alongside philosophy. After his philosophical 
and basic medical education were reasonably complete, Galen pursued more advanced medical 
studies under numerous teachers in several cities over many years, wherever he could learn 


something new.7?” 


Though he never mentions having attended any school of rhetoric, he must 
have mastered the fundamental elements of rhetoric under his philosophy professors, for his 
abilities as a writer and speaker are evident throughout his works and in many of his 
autobiographical digressions. The Stoics and Aristotelians in particular valued rhetoric as part of 
their philosophical curriculum, and Galen studied under both. Galen was always extremely grateful 
for his broad mathematical and scientific education and often praised it as the ideal for others to 
follow, although he knew only the fortunate would be likely to so fully as he. Galen also came from 
modest wealth—although originating from the professional working class, and not from “old 
money aristocracy. His father was a retired engineer, who acquired a few small estates, and 
eventually entered local politics, and had done well enough in life to leave a relatively small 
inheritance that Galen found enough to live on.”?* 

Near the end of his life Galen wrote a survey of his extensive writings for the purpose of 
articulating his own ideal curriculum for medical school, which started with logic and principles of 
method, then placed great emphasis on autopsy, vivisection, and other forms of hands-on 


experience.7”4 


In terms of order, emphasis, and subject material, Galen’s curriculum was a selection 
of the best from the standards employed by many teachers of his day and before, though presented 
in his own words. Marrou’s claim that medical education had ceased to employ much dissection in 
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the Roman period until Galen ‘revived’ the practice, for example, is indisputably false. 
many treatises on anatomy leave no doubt that dissections of animals as proxies for humans were 
widely employed in medical schools throughout the empire as aids to teaching, educational 
observation of human surgery and public anatomical demonstrations were common, and 
anatomical research already thrived in the Roman period before Galen.” As much as a century 
earlier Plutarch had already mentioned public ‘surgical’ demonstrations by doctors as a common 
method of attracting patients.*?” Around the same time Dio Chrysostom described public reactions 
to anatomical demonstrations, which were clearly already well in vogue.” And we know public 
medical ‘contests’ were held in Ephesus and possibly Smyrna, and likely elsewhere.?” 

Galen lived and wrote in the late second and early third century A.D. The engineer Vitruvius 
lived and wrote two hundred years before him.°°° But the two are connected through Galen’s 
father and the education in engineering he gave him—in fact, it’s possible Galen had read and 
admired Vitruvius, and he certainly shared many of the same values.°”! Vitruvius describes his own 
education in his preface to the sixth book of On Architecture: 


I thank my parents immeasurably and bear them great and infinite gratitude because in 
accordance with the spirit of the Athenian law they had me trained in an art, an art, 
moreover, that cannot be mastered without education in letters and comprehensive learning 
in every field. When, therefore, I had a stock of knowledge increased both by the solicitude 
of my parents and the erudition of my teachers, and enjoyed myself by reading both literary 


and technical writing, I stored up all these assets in my mind.°” 


Hence Vitruvius refers to having had several teachers and to reading both literary and technical 
works.’ The “Athenian law” he refers to held that parents have the right to compel their children 
to care for them in old age unless they failed to educate their children in some art.°™ For Vitruvius 
this showed a correct concern for the great value of learning a professional skill. 

Later Vitruvius says it used to be the case that architects “never trained anyone but their own 
children and relatives,” which entails that in his own time it was not unusual for engineers to take 


students from outside their family.° 


Galen says the same of the medical profession, and was 
himself an example of the fact.°°° Vitruvius also mentions that engineering was so profitable that 
many amateurs and hacks attempted to pursue jobs in the field, driving many employers to simply 
manage their own building projects rather than trust the work to unreliable and ignorant men.°”” 
Hence, following the general trend I’ve noted already, Vitruvius declares that one of his purposes 
in writing is to explain what a true (and hence reliable) architect should know, advancing a set of 
professional standards by which an employer can assess the quality of an engineer.’ The 
education Vitruvius insists upon (and that clearly he had received himself) consisted of grammar, 
drawing, arithmetic, geometry, optics, history, philosophy (with an emphasis on physiologia, or 
natural philosophy), music (especially the mathematical principles of harmonics and acoustics), 
medicine, law, and astronomy, as well as of course all the principles of mechanics and building.’ 

Vitruvius explains that natural philosophy (which meant a broad knowledge of the ancient 
sciences and the philosophy thereof) was essential for understanding other writers on engineering 
and for understanding the physics and behavior of things like gravity and water.*!° The sciences 
associated with music were essential for designing the acoustics of theaters, and useful in calibrating 
catapults and crossbows, and in constructing water organs and “other hydraulic machines.”*!! 
Astronomy was essential for constructing accurate sundials and for improving elements of building 
and city layout, while medicine was essential for adapting building and city layouts to climate and 
matters of hygiene, such as knowing that lead pipes are poisonous.*!” Arithmetic and geometry, of 
course, were needed for many reasons, including making accurate measurements and calculating 
costs.*!° Optics was also important, especially for visual design.*\* 

Though Vitruvius does not explicitly mention rhetoric or dialectic, it is clear he studied these 


subjects and imagined other engineers would, too.*!° In short: 


To be educated, the engineer must be an experienced draftsman, well versed in geometry, 


familiar with history, a diligent student of philosophy, know music, have some acquaintance 
with medicine, understand the rulings of legal experts, and have a clear grasp of astronomy 
and the ways of heaven.°!° 

His requirement of being facile with history and law would entail attending a school of rhetoric, 
as that was the only place such subjects would be taught. Thus we can be sure he completed a full 
course of higher education, rhetoric and philosophy, as well as the enkyklios, for we see the full 
quadrivium in his training requirements. Thus he imagined a very broad education, covering the 
whole enkyklios and beyond. He argues that all these branches of knowledge are interrelated, so 
learning them is not excessively difficult, especially since the engineer does not need complete 
mastery, only a reasonable competency in each.*!’ Nevertheless, he was aware of at least a very few 
people who had mastered many arts in considerable depth, and he holds them in high esteem.?!® 

Like Galen, Vitruvius emphasized the importance of combining apprenticeship and practical 
hands-on experience with a formal education.*!? We have a confirmation of this a century later by 
the Roman engineer Hero, as paraphrased by Pappus in the mid-4th century: 


The engineers who follow Hero say mechanics has two parts, one theoretical and the other 
practical, and that the theoretical part is assembled from geometry, arithmetic, astronomy, 
and natural theory, and the practical part from metalworking, building, carpentry, painting, 
and training in these subjects by hand. And so, they say, one who develops in these skills 
and sciences from childhood, and has a natural talent for them, will be the greatest engineer 
and inventor of mechanical devices.’ 

The word used here for the “practical” part of mechanics is cheirourgikon, literally “hands-on 
work” or “work done by hand.” The word used for the “theoretical” part is logikon, which is said to 
consist not only of physical theories (tôn phusikén logén) but also the mathematical study of 
geometry (gedmetria), arithmetic (arithmétiké), and astronomy (astronomia), and we can assume 
Hero would also have included harmonics, as Vitruvius says that was commonly expected of any 
engineer, and surely no one could imagine himself “the greatest engineer and inventor of 
mechanical devices” without a command of so popular and fundamental a field. Since that 
completes the quadrivium, and since the trivium (grammar, rhetoric, and logic) was a fundamental 
preparation for the study of all advanced mathematics and physical theory, Hero’s school was 
essentially requiring a complete formal education, just like Vitruvius. 

Hero’s school was based at Alexandria (hence “Hero of Alexandria”), but just as an advanced 
medical education could be received in many other major cities in the Empire (as Galen attests), an 
engineering education surely would have as well—professional engineering being of even greater 
importance to national security and imperial urban economies (and not only in the construction of 
aqueducts). We have hints confirming this. Strabo remarks, for example, that near the turn of the 


common era Marseilles was still famous for the brilliance and industry of its engineers, as “traces of 
their ancient zeal are still left among the people there, especially in regard to the making of 
instruments and to the equipment of ships,” and though Strabo complains that they have taken 
more now to philosophy and oratory, that remark actually makes the existence of formal schools 
attended by engineers in Roman Marseilles all but certain.??! There is no way it could maintain a 
peculiar reputation for its engineers otherwise. That other centers of learning existed for engineers 
is strongly suggested by the evidence (noted earlier) of standard schooling in mining operations and 
other routine endeavors empire wide (like urban building and pump and aqueduct design). 

An essay by Edgar Zilsel published at the end of WWII is still often cited as declaring there was 
a “wall which since antiquity had separated the ‘liberal’ from the ‘mechanical’ arts,” but Hero and 
Vitruvius alone refute this.°?” That wall was breached at precisely their level: the well-to-do middle 
class, or “professional class” as it were, which stood well above the shopkeepers and craftworkers in 
social station, though still below the landed aristocracy—those lifelong “men of leisure” who, unlike 
Vitruvius, never had to work for a living (on my categorization of ancient social classes, see note in 
chapter two). Everything we have surveyed so far about ancient education establishes beyond 
doubt that it was impossible to be as literate, eloquent, and well-read as Vitruvius or Ptolemy or 
Hero without a substantial education in the liberal arts. As Vitruvius explains, and in his own 
writing reveals, quality engineers like him were expected to be literate and well-educated. Yet there 
were no special grammar schools for engineers. To become an engineer you had to complete a 
standard primary and secondary literary education, and to be very successful, you also had to 
complete the same enkyklios as anyone else might, and study under the same philosophy professors, 
and master the same principles of rhetoric and dialectic. Every other Greek and Roman writer on 
engineering or physical science (likewise medical or any other science) confirms the same 
conclusion: all must have completed some higher education in rhetoric, since it was only there that 
any real skill and practice with prose composition began. Though medicine and engineering were 
specialized fields, pursued by a very select few, there is no indication that those who pursued them 
were separated by any ‘wall’ from others among the educated elite in literary or philosophical 
background. To the contrary, one of the very reasons that leading professionals insisted on a broad, 
well-rounded education for members of their craft is that it pulled them into communion with the 
social elite, ensuring that a professional’s education substantially overlapped with that of the 
wealthy and powerful, the very people those professionals would constantly have to court and 
impress. 

It seems unlikely that these standards for the education of philosophers and scientists 
continued in the Middle Ages, which oversaw a broad decline of scientific knowledge, and the 
gradual elimination of even the idea of a philosophy school. Cathedral schools and private teaching 
went on, but whether they could claim comparable science content is doubtful. Even with the rise 
of the universities, it is hard to see even their science curriculum as comparable, much less 
surpassing, what ancient Roman philosophers and scientists had access to. But whether that’s the 


case I must again leave for others to explore. Although I shall demonstrate some of these points by 
comparison myself in The Scientist in the Early Roman Empire. 
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classics-oriented studies onto antiquity (see quotation of McGrayne 2011: 63, and my related discussion and note in chapter one). 


8. STATE & PUBLIC SUPPORT FOR EDUCATION 


Aristotle insisted “it is clear there should be legislation about education and it should be conducted 
on a public system” that was the same for all citizens, because (he argued) neglecting this leads to 
social and political decline.’ But Aristotle’s dream was never realized. The most ever done was to 
create subsidies or salaried positions for teachers, but never to explicitly control or dictate, much 
less normalize or improve the curriculum. As Morgan says, “notably absent is any official interest in 
what exactly teachers taught, or how, or to whom, or when, where, or to what degree, let alone 
anything so deterministic as their qualifications for teaching.” That is an exaggeration, since there 
were unwritten standards when selecting whom to appoint to a public teaching post, or when 
parents and students chose which teachers to hire or study under, and in practice, tradition and 
cultural expectation had a strong standardizing effect on school curricula. But the direction this 
took was never subject to political control. 

Aristotle’s notion of all free boys receiving the same education was a Greek democratic ideal 
partly fulfilled by private or municipal philanthropic foundations in various Greek cities over the 
centuries, and later in many Roman cities, but it was never universally realized.’ The most 
common foundations only educated a limited segment of the free male population anyway (and 
sometimes girls), and did not always offer the best education. Marcus Aurelius was grateful to have 
learned “not to have attended the state schools and to have been provided instead with good 
teachers at home, and to know that one must spend lavishly on such things,” and Pliny the 
Younger was also aware of a troubling quality problem in state schools.**° But then, the same 
complaints are still heard about public schools today. 

Though many such foundations might not have survived the looting or devastation wrought by 
Roman conquerors in the second and first centuries B.C., or the social and economic devastation of 
the Roman empire in the crisis of the third century A.D., many survived or were also established 
(or renewed) during the very centuries in between that marked the Pax Romana. As a remarkable 
example, Plutarch attests to a continued tradition of a full course of liberal arts (meaning the 
enkyklios) still being subsidized for citizen boys at Athens in the late first century A.D., which 
practice we know had continued for centuries.” Though this may have been exclusive and 
somewhat superficial, it definitely included studies in mathematics, grammar, rhetoric, and 
philosophy, and possibly other subjects as well, while its students copied out new books for the 
school library every year.” This was probably not unique. Similar ephebic colleges appear to have 
survived in many other Greek cities of the Roman era.’ And besides these, “public” grammar 
schools were even more common. 


Notably, all these municipal schools were local benefactions, either the bequest of a wealthy 


philanthropist to a favored city, or the exceptional act of a city council, and never enacted on a 
wider scale. Even emperors only went so far as to endow salaried posts for professors of higher 
education in a few privileged cities. Thus many, perhaps most cities did not have such 
endowments, while people living outside major cities would almost always be left out. Moreover, 
most of these foundations, and possibly all of them in the Roman period, only subsidized secondary 
or higher education, leaving parents to provide or fund elementary education entirely on their 
own.” Even peripheral state support, such as exempting all teachers from taxes and levies and 
other civic burdens, which became standard throughout the early Roman empire, again only 
applied to teachers at the secondary and higher levels.*°! This would have had the effect of all but 
shutting out the children of the illiterate poor, in effect preventing significant expansion of literacy 
except for those who acquired enough financial success to ‘move up in the world’ and thus afford 
elementary school for their kids or buy a literate slave who could provide it—although outright 
buying an elementary teacher was certainly far more expensive than renting one, so that option was 
generally only available to the rich.*** The literate poor, of course, could often provide their own 
elementary education to their kids, but this only perpetuated literacy within literate families, it did 
not expand their number (unless by operation of natural selection, if literate children had a higher 
differential reproductive success than non-literate—but that, even if it happened, would be 
extremely slow in disseminating literacy). In any case, by subsidizing only secondary and higher 
education, even the most fortunate communities were only serving an already privileged minority 
of their citizens. However, that would still mean a much larger proportion of the population would 
be educated than in societies without such amenities, so this phenomenon must be made an 
important element of comparison with the Middle Ages. 

Focusing on what benefitted science education specifically, the first boon came when Julius 


333 and 


Caesar granted citizenship to all doctors and professors of the liberal arts residing in Rome, 
as we've seen, the ‘liberal arts’ included the sciences of harmonics and astronomy, and geometry, 
which included mechanics and optics. The Roman citizenship was probably often easier to obtain 
for professors of the arts then and thereafter, and that conferred numerous advantages, not solely 
in regard to status. Scientists thus gained an important leg up at this transition point in history. The 
public also indirectly aided science education in another way, by the building and maintaining of 
libraries, lecture halls, and faculty dining clubs—whether by the state or private philanthropists, 
either way a common sight in cities across the empire (as we'll soon see). Another significant boon 
came in the form of public salaries, and certain tax and service exemptions granted to professors.°*4 
These did not single out scientists or natural philosophers, of course, but were focused more on 
physicians and professors of rhetoric. Although certain other teachers and professors also 
benefitted, the emphasis we have already seen on rhetoric and the trivium is further reflected in 
the focus of these state benefactions and exemptions. Only doctors received the same or greater 
attention, but although exempted and salaried doctors would likely have taken students as well, 


they were usually selected for these privileges to provide medical care, not medical education or 


research, and so the social values represented by these benefactions were not aimed at scientific 
education or research, although they would have benefitted both. Public salaries for doctors 
(among other benefits) had begun in Hellenistic cities even before Roman times.**° Many engineers 
were also directly employed by the state, and though there is no evidence of their receiving 
privileges, state engineers, like state doctors, would likely have taken apprentices just as private 
engineers did, thus by this avenue as well the state was indirectly subsidizing science education.**° 
In much the same way, the formation of legionary hospitals under the early empire (see note in 
chapter seven) also added another prop to medical education by the widespread employment of 
military doctors and the providing of facilities where the need and opportunities for students would 
be considerable. And on top of all this, some public doctors were paid to teach.°°” 

Vespasian also gave a major prop to medical education by granting doctors the right to form 
medical associations later in the 1st century A.D. This law also included professors of other 
subjects, granting them freedom of assembly, exemption from taxes, and special protections against 
local authorities, even ordering crimes against them to be more severely punished.*** Doctors and 
teachers of the liberal arts (including rhetors, grammarians, and geometers) also received special 
attention from the government to ensure they were not cheated out of their fees.*°? Beyond that, 
however, the few benefits directed at philosophy professors, who were less common than doctors or 
professors of rhetoric, were not bestowed for their role or work as natural philosophers, but for the 
entire program of their teachings, which was always primarily ethical and logical. And when they 
did receive a state salary, they were not being paid to conduct research, but to teach. Thus, these 
benefactions did benefit science education somewhat, but often indirectly, and of course only at the 
level of higher education, and only in major cities, and still only for a privileged few. 

In fact, in the mid-second century A.D., emperor Pius put a cap on the number of doctors, 
grammarians, and rhetors who could claim state exemptions, and the limit he set was ten doctors 
(plus five rhetors and five grammarians) in provincial capitals, seven doctors (plus four rhetors and 
four grammarians) in other cities with Roman law courts, and five doctors (plus three rhetors and 
three grammarians) in all other cities.” This did not mean cities always filled their quotas, or that 
cities could not have more doctors, rhetors, and grammarians. It only limited the number who 
could claim imperial privileges. This might have had the effect of motivating many doctors, rhetors, 
and grammarians to spread out into cities where slots for privileges were still available, thus making 
their services more geographically accessible. And since city councils had to decide whom to award 
their limited slots to (and the law specifically required those selected to be diligent in their work) 
this should also have had the effect of elevating the quality of the privileged practitioners.*4! But 
either way, the number of these slots was relatively small, and thus the benefit of these exemptions 
to the public was limited. Nevertheless, Galen lists the exemptions as one of the reasons people 
pursue a medical career.*4* And the limits set by Pius only pertained to imperial privileges—it did 
not hinder individual cities from establishing their own salaried positions for public doctors or 


teachers, and several did. As for philosophers, Pius did not fix a limit on the number of professors 
who could claim privileges because (or so he suggests) real philosophers would not ask for them, 
and philosophy professors were comparatively rare.*** Philosophers might only have been 
exempted from duties and burdens other than mere expenditures of money, since it was assumed 
that no philosopher could value money, and poverty was already grounds for exemption.*“* But we 
know philosophers did receive privileges and exemptions even from monetary obligations, so the 
backhanded remarks of Pius seem not to have affected their legal standing to claim them.*” 

Vespasian appears to be the first to have established actual imperial professorships, but only of 
rhetoric, in both Greek and Latin.*“© This reflects again the primacy of literary education in ancient 
culture (represented by completion of the trivium), over any kind of support for education in the 
quadrivium, natural philosophy, or specific sciences. The most we see of the latter are the 
endowments, by some emperors and municipalities, of philosophy professorships in some 
prestigious (or pretentious) cities, and imperial, municipal, and perhaps sometimes private support 
for “Museums,” which were not ‘museums’ in the modern sense where collections are displayed, 
but “Halls of the Muses’, ie. temples to the goddesses of the arts and sciences. Well before the 
Roman period these had become quasi-religious social clubs for scholars—although ancient 
Museums did often display statues of men renowned for their achievements in the arts, and 
sometimes other antiquities besides (and probably some scientific specimens and instruments), and 
were often associated with libraries. Most included lecture halls and communal dining rooms 
where ‘members’ ate for free. Since they were essentially the pagan equivalent of specialized 
churches, they had the same legal and social status as sacred ground.**’ Philostratus specifically 
identified a museum as a place where distinguished men who gain membership can socialize and 
eat free meals together, much like the upperclass ‘gentlemen’s clubs’ of the 19th century.” 

The most famous of these was the Museum of Alexandria. Previously established and 
maintained by the Ptolemaic kings of Egypt, the Alexandrian Museum received continued support 
from the Roman government and the city of Alexandria. Strabo says under the Romans its 
president was appointed by the emperor.’ There were also Museums in other cities, such as 
Ephesus, Pergamum, Smyrna, Tarsus and of course Athens. Some of these appear to have had an 
even stronger emphasis on medical science than the Museum at Alexandria.*°° Alexandria’s 
medical faculty had always been and remained preeminent, but its Museum must still have 
included in its membership engineers and astronomers, as well as scholars in other fields, as it 
certainly had done for centuries. The membership of the Athenian Museum, likewise, included 
philosophers and orators, if not other professionals as well.°°! So it would be unbelievable that 
Ptolemy and Hero, the greatest known writers in the physical sciences in the Roman period, would 
both have resided and worked in Alexandria without being associated with the Museum. 

Philosophy professorships might also have been associated with the Alexandrian Museum. A 
certain Anatolius (whether at that time or later, a Christian) was “appointed to the school of 


Aristotle’s successors in Alexandria by its citizens” in the third century A.D., a school that provided 
free meals and other “privileges” to its members (which possibly included a municipal salary or 
stipend in exchange for teaching). And this was the most scientific of sects. It’s hard to imagine it 
was not connected with the Museum in some respect, as it would have been at Athens.°*°? Other 
sects may have been similarly represented. For example, an inscription of the same century as 
Anatolius honors a certain Flavius Dionysodorus, “member” of the Alexandrian Museum, as a 
“Platonic philosopher,” which could mean he held the chair of its Platonism department, just as 
Anatolius likely did of the Aristotelian (on the same model as Athens, which I'll discuss shortly). 
Though from a much later date, a papyrus of the sixth century supports this inference by 
mentioning that a certain Asclepiades “worked all his life in the Museum” in “the great city of 
Alexander” as “a teacher of philosophy.”*°? 

Unfortunately the whole source situation for the Alexandrian Museum is surprisingly poor, 
especially for the Roman period, although we know from extant inscriptions and papyri that this 
museum and its famous library still thrived.°°* Outside Alexandria, we are told Marcus Aurelius 
endowed “professors at Athens in every educational field with an annual salary” in the later second 
century (most likely in 176 A.D.), and we know a little about what exactly this involved.*°? This 
endowment paid handsome salaries for a professor (or perhaps even more than one) from each of 
the four leading philosophical sects (Platonists, Stoics, Epicureans, and Aristotelians), as well as 
professors of rhetoric. Hadrian had accomplished something similar in Rome with his building and 
endowment of the Athenaeum. Built shortly after 134 A.D., the Athenaeum at Rome supplied 
professors in various subjects—though details are sketchy, it was likely similar to what Aurelius 
established at Athens.°°° As these setups at Athens and Rome included libraries and lecture halls as 
well as several chaired professorships, these really should be considered the first Western 
universities. A similar setup in Roman Alexandria is almost certain, especially if the Alexandrian 
chair of Aristotelian philosophy awarded to Anatolius was a part of the Museum and its Library, as 
one would expect to be the case, and we might infer the same of Dionysodorus and Asclepiades.°°” 
It’s hard to believe Athens would have preceded Alexandria in receiving such a benefaction as 
endowed chairs for every major sect, so we should expect that this act by Aurelius extended to 
Athens a system already standardized in Alexandria. 

And such a development at Athens was probably not ex nihilo, as all these schools with 
appointed professors already existed as private institutions that were to some extent regulated by 
the government. For example, in an inscription of 121 A.D. emperor Hadrian establishes, at the 
request of Trajan’s widow (the wife of his predecessor) an allowance that non-citizens may be 
appointed head of the Epicurean school at Athens.’ That the post had ever been limited to 
Roman citizens in the first place entails Roman state involvement from an even earlier time. The 
other sects likewise already had established schools and professorships in Athens as well.*°? So 
really Aurelius only added more centralized state organization and financing to what we should 


really call a loosely organized private university. The same had surely happened in Alexandria long 
before (in that case, before the Romans even acquired the city). Although we have no definite 
evidence, Athens, Rome, and Alexandria might not have been alone in receiving these benefactions 
and institutions.°©’ But by the second century these three cities appear to have had the full practical 
equivalent of universities. Those early universities may have had only a limited effect on science 
education, as in those respective cities there were already numerous experts and philosophers to 
study under, and there might not have been many other cities who enjoyed such benefactions, 
even as a result of local or municipal philanthropy, much less imperial. But their significance should 
not be overlooked. 

Then there are the public libraries. State and private library endowment followed similar 
patterns, emphasizing literary texts over scientific or technical works, and not producing much 
benefit to anyone who was not already well-educated and living in a major city. However, there 
were a lot of cities endowed with public libraries in the Roman period. Though already a trend 
among the Greeks, with many examples established by Hellenistic cities and kings, public libraries 
were also built or expanded in Rome itself and elsewhere by countless wealthy benefactors 
including nearly every Roman emperor up to the early third century, beginning with the first 
known public library in Rome, planned by Julius Caesar and finished by his friend Asinius Pollio in 
39 B.C.°°! Besides emperors, countless other private benefactors and municipal governments 
followed suit all over the empire, establishing new libraries or supporting those built long before. 
Public libraries are known to have existed in Athens, Carthage, Corinth, Cos, Delphi, 
Dyrrhachium, Ephesus, Epidaurus, Halicarnassus, Knosos, Mylasa, Nimes, Nysa, Patras, Philippi, 
Piraeus, Prusa, Rhodes, Side, Smyrna, Soli, Suessa Aurunca, Tarsus, Tauromenium, Teos, 
Thamugadi (Timgad), Tibur, Tripoli, Volsinii, and many other cities, including a public library 
endowed by Pliny the Younger in his native Comum, and the public library endowed by Gaius 


Julius Aquila in honor of his father Celsus in Ephesus.* 


Large private libraries also existed in 
numerous locations, like those identified at Herculaneum and Pompeii, and Seneca says such 
collections were fashionably common.?® Though no clear evidence of public libraries exists for 
Spain or Britain, and the library at Nimes is the only documented example in France, this is most 
likely due to the relative sparseness of recovered inscriptions and buildings from urban areas in 
those regions, and the paucity of literary witnesses for them as well.*°* The remarkable frequency of 
libraries elsewhere argues that a public library was a common matter of pride for any major city of 
this period, so there must have been public libraries in many cities of Spain (certainly at the very 
least Cordoba and Cadiz), France (e.g. if there was one at Nimes, then surely there had to have 
been one at the even more prosperous Marseilles, which was famed for its engineering schools, as 
noted in chapter seven), Britain (London must surely have held a public library, not least owing to 
the fact that the great distance of that city from any other center of learning would all but 
necessitate one) and elsewhere besides. 


Of course the famous libraries at Alexandria and Pergamum also continued to be maintained 


into the Roman period. When Domitian undertook the “vast expense” to restock some libraries 
destroyed by fire, he “looked everywhere” for replacements, but it was to Alexandria that he sent 
men “to copy and correct” them, demonstrating that the Alexandrian libraries were not only intact, 
but still had no peer.*® Claudius might even have expanded them.°° Pergamum already had a 
renowned library, but Hadrian added another in the Temple of Asclepius there, which might 
indicate a specifically scientific focus (if this association with Asclepius implies an emphasis on 
medical literature). Hadrian also established a new public library and Museum in Athens in 131 
A.D., creating (as I noted earlier) what is essentially a university whose facilities were further 


367 A fragmentary inscription 


supported or expanded by Antoninus Pius and Marcus Aurelius. 
mentions another public library at Athens in the Ptolemeion, where the students of a local city 
school had to produce 100 new scrolls every year for its collection. There are numerous other 
examples that could be given. It is reasonable to assume that most if not all major cities had at least 
one public library established and maintained at state or private expense. 

It was clearly a mark of prestige for a city to have a public library, and for a state or private 
benefactor to bestow one. Libraries represented not only an enormous initial expense, they also 
required considerable expense to maintain, and thus their frequency in the Roman world confirms 
that elite social values fully embraced the widespread preservation of and access to the written 
word. Though public libraries were primarily stocked with literary works outside the field of science 
and philosophy, the latter would still have been adequately represented in most collections, 
particularly in cities with a strong scientific presence, as it would have been a matter of pride (and 
self-promotion) for scientific authors to gift their local libraries with editions of their latest works. 
So the presence, prestige, and support of public libraries does indicate some support for the 
preservation and availability of works in science and natural philosophy, which provided an avenue 
for some laypersons to expand their education in the sciences. However, library books were only of 
use to the very small segment of the population that was literate, and not merely literate, but 
competent and educated enough to read, comprehend, and make use of advanced works in 
philosophy and science. Moreover, public libraries did not lend out their books. Patrons had to 
read books in the library and leave them there. This meant access to a private patron’s library 
would still be more valuable than living near a public library, since borrowing books from a friend 
or patron could be arranged, likewise staying on as their guest.°© Nevertheless, the widespread 
existence of public libraries is again something remarkably unique, and unparalleled in any other 
ancient culture. And like the comparably unusual phenomenon of regular public orations on all 
topics, the effect of public libraries on disseminating scientific knowledge would have been similar 
—which means similarly limited, but still notably greater than in any other ancient culture we 
know. 

Finally, there were a scant few attempts to educate the public through educational inscriptions, 
and though these could only be read by the literate, those who did read them would spread their 
news further by word of mouth. Even so (except for the equivalent of weather almanacs), such 


inscriptions were too rare to have any general impact.*”? The emperor Claudius, for example, 
attempted, as Cicero would have put it, to “banish fear and false religion from confused men” with 
a science lesson, by erecting an elaborate public inscription in the early first century A.D. explaining 
the scientific causes of an approaching solar eclipse predicted by astronomers.*”! He hoped this 
would forestall superstitious reactions to the event that might threaten public order. Though 
nothing alarming did happen, there is little indication his science lesson seeped very far into public 
consciousness. In the same fashion, there would have been a lot of rather sensible natural 
philosophy in the monumental inscription at Oenoanda commissioned by Diogenes, all on his own 
dime, spelling out the entire philosophical system of Epicurus. But this was just as rare and had no 
more apparent impact on public consciousness.*”” Nevertheless, inscriptions like these indicate an 
occasional value for public science education well beyond the norm.?”° 

All in all, state and public support for education in the early Roman period was not as extensive 
as that seen in nations after the Scientific Revolution, but in many respects greater than any seen 
throughout most of the Middle Ages or in any other culture (other than the Hellenistic culture that 
originally influenced the Romans, and perhaps the Byzantine culture after them). This included the 
first steps toward what were effectively universities (with all the components in place, just lacking, 
perhaps, centralized administrations), and a widespread commitment to making the written word 
available in diverse subjects through public libraries, which would have included works in the 
sciences. Likewise, although state-supported education did not aim at improving access to science 
education, it would have indirectly done so to some degree, especially in state support of Museums, 
which provided more direct support for associations of scholars and scientists, and in the 
endowment of professorships in philosophy and medicine, and the extending of privileges to them. 
Medieval state and public support for education is not likely to compare as well, until the rise of the 
universities, yet even those were small and few in number for quite some time and thus, at least 
until the Renaissance, might not have surpassed what had already been available in the early 
Roman empire. 
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9. JEWISH AND CHRISTIAN EDUCATION 


So far as we are able to tell, the availability of education among the Jews of the Roman Empire was 
not significantly different from that among their Greek and Latin neighbors. The elite were 
privileged, the poor were left out. As Lapin observes, “rabbis, at least those about whom stories are 
told in the literary sources, appear to have been wealthy, and the most prominent centers of 
rabbinic activity appear to have been Palestinian cities.” In contrast, the first Christians 
supposedly came from rural districts, and even when the movement went urban its base of support 
remained among the poor or working class. The very leaders of the movement, Peter and John, as 
portrayed in the Gospels at least, were not atypical Jews of their day (in comparison with the 
Palestinian population as a whole), and yet we are told they were “illiterate laymen.”*”? That is 
probably fiction—they were more likely highly educated Rabbis.*”° Similarly, the Gospel of John 
shows a Jewish audience reacting with surprise at the fact that Jesus can read.*”” Also probably 
fiction. But even then, both tales were meant to reflect a wider reality. The gulf between the elite 
and non-elite in Jewish society was as wide as in Roman society generally. 

While among the Jewish elite a teacher of the Bible held a social status comparable to the 
philosopher among the Greco-Roman elite, the common people could actually regard the bible 
scholar with immense hatred.*’* According to the Talmud, “The rabbis taught that a man should 
sell all his possessions and marry the daughter of a scholar,” for then his children can become 
scholars, too, but a man must not marry the daughter of a “commoner,” because commoners are no 
better than beasts, and their children will become commoners instead. In this context, Rabbi Akiba 
recalled that “when I was a commoner I said, ‘If I could lay my hands on a scholar, I would maul 
him like an ass!” and Rabbi Eliezer said “if the commoners did not require us for their own 
welfare, they would kill us!” Likewise, Rabbi Hyya taught that “a man who occupies himself with 
the study of the Law in the presence of a commoner evokes as much hatred from him as if he had 
stolen his bride,” for “the enmity of a commoner toward a scholar is even more intense than that of 
the heathens towards the Israelites, and the hatred of their wives even greater than that!”>”” 

This implies a very stark divide indeed. There is no good evidence that Jewish literacy was any 
greater than Greek or Roman literacy, and we have already seen how limited that was. Some 
scholars have attempted to push the case for greater, even universal literacy among the ancient 
Jews, but their evidence does not hold up, a fact that has been thoroughly demonstrated by 
Catherine Hezser.*®° Alan Millard is among those claiming more widespread literacy.°*! But his 
methodology is flawed in obvious ways that will be apparent to anyone who looks at his evidence in 
light of the sounder analysis of the same kinds of evidence elsewhere.*®” In the end, all of his 
evidence either does not support his conclusion or only proves literacy among the elite and well-to- 


do, exactly what we find in the Roman context. And Millard’s case, even at its best, only supports 
Hebrew or Aramaic literacy, with almost exclusive focus on scripture, and as far as we know very 
little of any science or natural philosophy was written in Hebrew or Aramaic, and none of any 
significance in scripture. Like Millard, Gamble also claims widespread literacy among the Jews, but 
every passage he cites as evidence for this actually fails to say what he claims, or once again only 
supports literacy among the elite and well-to-do, or even confirms the reverse, establishing that 
Jewish children were taught scripture and religious law orally, not by reading. Indeed, Gamble 
otherwise concludes that, starting in the second century, the Christians put their new adherents 
through a system of “doctrinal and moral instruction” that “certainly did not include learning to 
read or write” but “did include close familiarization with Christian scripture,” and these 
“catechetical schools” may well have been modeled on their Jewish counterparts.°** 

The only significant evidence for wider Jewish education is a single passage in the Talmud 
reporting that in the early 60s A.D. (and apparently continued for centuries thereafter) certain 
Jewish authorities started subsidizing education, first in Jerusalem, and then in every Palestinian 
city (and possibly in a few other places), although the same passage reports difficulties in getting 
students to attend.*** This looks like an emulation of the Greco-Roman educational foundations 
that we already examined in the previous chapter. So these Palestinian schools were probably, like 
their Greek and Roman equivalents, not really available to everyone or, as the references to hostile 
“commoners” above suggests, not widely attended. The numbers given in the Talmud imply only a 
few dozen boys, at most, attended in any given city. Moreover, literacy is not mentioned. The 
subsidized schools in question only taught the Torah, and thus could have been schools of oral 
instruction in scripture and religious law, as later Christian catechetical schools were. In fact, oral 
instruction is all the Torah actually commands, a commandment in effect for centuries before any 
kind of formal schools were proposed, which is why most religious education must always have 


385 In fact, most of the Jewish law was contained in the Mishnah (the 


taken place in the home. 
“Oral Torah”), which was not even written down until around 200 A.D. and thus until then 
certainly wasn’t taught in any other way but orally. And the Talmuds, which are commentaries on 
the Mishnah, were not written down for another century or more after that. The scripture itself was 
regularly read out to audiences at synagogues and therefore learning it did not require literacy.°*° 
Thus “schools for religious instruction” would not even imply the teaching of literacy. 

Regardless of which schools are meant, the content of all Jewish schools, even at the most 
advanced levels, was little more than scripture and Jewish law, and in Palestine limited only to 
Hebrew or Aramaic.*°” This meant any special Jewish education of the time included nothing of 
science or natural philosophy but was entirely consumed with the study of scripture and law, and 
the interpretation thereof, and would not equip the student to study science at all, as that would 
generally be taught, in lectures and speeches and books, only in Greek. Although “biblical 
interpretation” (like commentaries on the poets in pagan schools) might have occasionally touched 


on science content (such as when debating the age of sexual consent for young girls***), Jews were 


actually admonished by their own authorities with the proverb “cursed be a man who teaches his 
son Greek wisdom.” It was allowed that “the Greek language and Greek wisdom are distinct,” and 
“they permitted the household of Rabbi Gamaliel to study Greek wisdom because they had close 
associations with the Government,” but the fact that these kinds of distinctions were being made 
entails that in most cases studying science or natural philosophy was either frowned upon or not 
encouraged, and at best was truly exceptional when it occurred.*°’ In consequence, as one might 
expect, the Talmuds evince a love-hate relationship even with scientific medicine.’ Indeed, there 
are no clear cases on record of Jewish research scientists in the Greco-Roman sense (although they 
must have had at least some practicing scientists in all active fields).*?! 

But that only represented the Palestinian and/or the most traditional Jewish point of view. In 
the Diaspora, by contrast, Greek education, where available, had been widely embraced by Jewish 
communities, to the point that there may have been little difference between educated Greeks and 
Jews in terms of what they studied or learned.°?” If Philo of Alexandria is at all representative of an 
elite Alexandrian Jew in the first century, their views on education were not so different from the 
Greeks or Romans, except for being a lot more piously focused on scripture and mystical wisdom 
than anything like empirical science. Philo clearly had attended Greek schools and completed the 
entire enkyklios and went on to study philosophy and fully approved of having done so. That was 
probably no more common or unusual for an elite Diaspora Jew than for an elite Alexandrian 
pagan. We have already noted Philo’s views on this in chapter five, but we can add more here.°”” 

Philo argued that scientists and natural philosophers ought to dedicate their study of nature to 
God, just as a sailor dedicates the success of a voyage to God, showing humble thanks for the talent 
God had given them, which God obviously intended them to use. This means Philo had no 
problem with Jews becoming scientists and studying science, so long as they honored God as they 
ought.*** This exemplifies a pious attitude that did not require the depths of hostility that many 
Christians reached (as we shall soon see) and that many Palestinian Jews apparently shared (as we 
just saw). 


Instead, Philo embraced an honored place for men of science. In his scheme of values: 


Some men are born of the earth, and some are born of heaven, and some are born of God. 
Those born of the earth are hunters after the pleasures of the body.... But those who are 
born of heaven are men of skill and science and devoted to learning. For the heavenly 
portion of us is our mind, and the mind of every one of those persons who are born of 
heaven studies the encyclical branches of education and every other art of every description, 
sharpening, and exercising, and practicing itself, and rendering itself acute in all those 
matters which are the objects of intellect.°”° 

However, those born of God are even more superior still—they are the priests and prophets who 
actually abandon intellectual studies for the loftier revelations of God. He gives the specific (though 


apocryphal) example of Abraham, who supposedly devoted his life to the study of astronomy and 
cosmology before he was called by God, and was thus a man of heaven, but once he was called, he 
abandoned these pursuits to become a man of God.’ Philo clearly describes this as an 
improvement, just as he refers to abandoning scientific and philosophical studies for, instead, a life 
of pleasure and vanity, as abandoning the better for the worse.*”” Thus, though Philo imagined an 
elevated place for science and awarded it respect and acceptance, he still thought that, ultimately, 
one ought to abandon science and prefer the contemplation of God—specifically declaring, for 
example, that continuing to study astronomy is only second best to fully embracing a life of God.°”® 
Philo even denounces theoretical astronomy as a waste of time (in terms very similar to those 
Christians would later amplify) in a rather long rant concluding, “Oh fellow, do not think about 
things beyond, but attend only to what is near you, and examine only yourself instead,” so that in 
fact “if you really want to be a philosopher,” just study the sciences of man, learning the nature of 
your body and mind—he even specifically cites the example of Socrates, who abandoned natural 
science for self-contemplation.*”’ Apart from this slackening of favor for scientific knowledge, Philo 
and no doubt most elite Diaspora Jews almost embraced the same educational values as most 
Romans of comparable social station, at least with respect to the ideal place of science and natural 
philosophy. This stands in significant contrast to the attitudes of Christians in the same period. 

Christianity was an offshoot of Judaism, in many respects a syncretism of Jewish and pagan 
beliefs (particularly after the first century).“°° Most educated Christians before the fourth century 
were converted after receiving a pagan (or sometimes Jewish) education, and given the emphasis of 
evangelists on recruiting women, and men among the working classes, most converts will have 
received no education at all, or very little, and most of those who did will only have received a 
primary or secondary education, hence very few would have completed any higher education 
before conversion. This would still be true even if there was not an evangelical emphasis on women 
and the working class (although there appears to have been). As shown in chapter two, Christian 
intellectuals of the third century believed their converts represented a cross-section of the whole 
society, and just as most Romans were illiterate, and most of those who were literate had not 
completed enough education to gain much exposure to science or natural philosophy, it follows 
that most Christians were illiterate and most literate Christians did not have much exposure to 
science or natural philosophy. Indeed, even the skills and practice of logic and creative or critical 
thinking were only significantly taught in higher education, which few Romans, hence few 
Christians, ever attained.*”! 

But we can still ask how much and what kind of education predominated among those 
Christians who came to the faith before receiving any education in science or reasoning. Did 
Christianity encourage education of any sort, or discourage education in any way? Surveying 
Christian attitudes toward basic education in the early Roman empire, Harry Gamble found that 
even rudimentary education of the day “was predicated on pagan texts infused with moral and 
religious ideas of which Christians disapproved, and this discouraged some who might otherwise 


have taken advantage of it.” In fact, “well-educated Christians usually received their education 
before conversion and were themselves unable to recommend pagan schooling to those who were 
already Christian.” Worse, “many Christians were suspicious of ‘the wisdom of this world’ 
[following 1 Corinthians 1:20-21, 2:6, 3:19], and among them there was a tendency” either to 
“sanctify ignorance” or at least “neglect education in the interest of fideism, otherworldliness, or 
acquiescent orthodoxy.”4”” 

I will discuss Christian attitudes toward science more broadly in The Scientist in the Early 
Roman Empire. Here my focus is on education. Even though Christian intellectuals like Tertullian 
could just barely rationalize Christians becoming students, he still forbade Christians from teaching, 
because the educational process was too pagan.“ He does not even think of reinventing education 
along a Christian model. Hippolytus was only slightly more lenient, since he was willing to let it 
slide if a Christian teacher had no other way to make a living, but otherwise he said it was immoral 
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to be a teacher.** This sort of hostility declined over subsequent centuries.*> But a strain of 


hostility remained influential. Hence a third century Christian tract says: 


Avoid all books of the heathen. For what have you to do with strange sayings or laws or 
lying prophecies, which also turn away from the faith those who are young? For what is 
wanting for you in the word of God, that you should cast yourself upon these fables of the 
heathen? If you want to read historical narratives, you have the Book of Kings. If wise men 
and philosophers, you have the Prophets, wherein you shall find more wisdom and 
understanding than of [the so-called] wise men and philosophers, for they are the words of 
the one God, the only wise being. And if you wish for songs, you have the Psalms of David. 
But if you'd rather read about the beginning of the world, you have the Genesis of the great 
Moses. And if you want laws and commandments, you have the glorious Law of the Lord 
God. All that is strange therefore, everything contrary [to the Bible], wholly avoid.*°° 


This was not an unusual sentiment. Reading or learning about science and natural philosophy 
was useless or even harmful, since whatever you need to know is already in the Bible, the only 
moral and reliable book there is. 

One might expect this would lead to a new educational curriculum based on the Bible. Yet in 
the early Roman empire, Gamble observes, “the ancient church never undertook an alternative 
system of education for the faithful.”*°” Ellspermann came to the same conclusion, finding that “the 
Church did not attempt in the first three centuries to establish schools for children,” or even 
propose or discuss the idea.*°° There were a few distinctly “Christian” schools of higher education 
by the third century, at least in the sense of studying under a Christian intellectual like Origen 
(which PFI soon discuss). And there were Christian “catechetical” schools, which were also for adult 
converts, not children, but these assumed a position more similar to Jewish schools for training in 
religious principles and ideology (which I discussed previously). These do not appear to have 


involved or required even literacy or any other prior schooling, but consisted only of oral 
instruction in religious dogma.*”” 

As a result, Gamble observes, “Christian writers of the first five centuries acknowledge a 
standing distinction between a small number of literate and intellectually active Christians and the 
majority of believers” and “all indications are that the extent of literacy within the church did not 
exceed its extent in society at large, and during the first three centuries it probably did not attain 
even that level.”*!° As Paul observed of the early Church, “not many who are wise according to the 
flesh, not many powerful, not many wellborn, are called” to the faith.*"! In fact, the hostile Celsus 
claimed Christians went around telling students that schools only taught “empty nonsense” and 
“nothing good” and “if they want, they ought to send their fathers and teachers away” so they can 
“attain perfection.”“!* Origen responded to this charge by admitting that Christians really do “turn 
people away from teachers who teach iambic verse and whatever else that neither corrects the 
speaker nor benefits the listeners,” but they do not turn people away from virtuous teachers or 
classes in philosophy, except by insisting that their own teaching is better, which is a tacit admission 
of the very thing Celsus was talking about.*!’ Literacy could not be acquired in the ancient 
educational system without studying verse, as that was the only method used to teach it. And 
without literacy, higher forms of education were simply unattainable. The reality was that most 
Christians did not see very much need for education, since salvation could be had without it, and 
what else mattered? 

At the end of our period of interest (the dawn of the fourth century), Eusebius wrote that 
pagans “go up and down and all around constantly talking about education, saying above all that 
those who are going to make any attempt to grasp the truth must pursue astronomy, arithmetic, 
geometry, and music,” in other words, the quadrivium, the only course of secondary education 
with any significant science content. As Eusebius complains, pagans assert that “lacking in these a 
man will not be able to perfect himself as a learned philosopher,” in fact, “he will not even be able 
to touch the truth of things, unless the knowledge of these subjects has first been impressed upon 
his soul,” echoing exactly what Strabo had said (as we saw in chapter five), and reflecting the 
sentiments we have seen from every elite author we have examined. Instead of agreeing, Eusebius 
mocks these educational values: 


Those who stretch out and hold up this education of which I speak, they think they are 
lifted up high in the sky to walk on the very ether, as if carrying God himself in their 
numbers, while they conclude that we, because we do not pursue the same studies, are no 
better than cattle, and say we cannot know in this way either God or anything majestic.*!* 
Ironically, this is almost the exact sentiment voiced by the Roman astronomer Ptolemy in praise 
of science education, in his famous epigram, “I know I am mortal and fleeting, but when I search 
the densely revolving spirals of the stars, I no longer touch the earth with my feet, but dine with 


Zeus himself, and take my fill of ambrosia,” the food of the gods (which conferred immortality on 
those who ate it), and yet here this sentiment is mocked by a Christian instead of being emulated or 
admired.*!° Eusebius thus voices a typically anti-elitist sentiment, positioning himself with the 
uneducated Christians who are insulted by the claim that they cannot understand the truth 
without an education—even though that happens largely to be true. And though Eusebius certainly 
had a far superior education than any of the Christians he is siding with, he is nevertheless sneering 
at the very idea that anyone needs such an education. This flips quite upside down the attitude to 
education we have seen from the pagan elite. And this was not atypical within early Christianity.*!° 
The very arguments pagans used in favor of education, Eusebius sees as an insult to Christians 
(who have no need of an education), rather than as a reason to promote a broader access to 
education. 

In a similar fashion Lactantius, one of the most famous Christian educators in the first three 
centuries, and eventual tutor to the imperial family itself (he advised Constantine, who would 
become the first Christian emperor in 313 A.D., and tutored his son), said philosophy cannot be 
wisdom because only the very learned can understand it, and surely God would ensure that 
wisdom was common and easily available to all.4!” Therefore, he argues, only the Gospel is wisdom, 
and therefore the Gospel is the only thing all people should be taught. And receiving the Gospel 
did not require any education in science or philosophy, or even literacy.*!* So it would certainly 
seem Celsus was accurately describing a prevailing Christian attitude toward education. 

We even have a first-hand account of this attitude. When Justin Martyr went out to study 
philosophy, obviously having completed primary and secondary school as a pagan (but not the 
enkyklios), he toured the sects and did not like them, eventually falling into Platonism because it 
was close to what he was looking for, but ultimately converting to Christianity and giving 
everything else up.*!? Justins account is not entirely believable, but even as fiction it reflects his 
educational values. First Justin took up with a “very celebrated” Pythagorean. This already sounds 
like fiction, since there was barely any such thing at the time, and surely had Justin studied under a 
famous man, he would have named him. But whether truth or fiction, as Justin tells it: 


When I had an interview with him, willing to become his hearer and disciple, he said, 
“What then? Are you acquainted with music, astronomy, and geometry? Do you expect to 
perceive any of those things which conduce to a happy life, if you have not been first 
informed on those points which wean the soul from sensible objects, and render it fitted for 
objects which appertain to the mind, so that it can contemplate that which is honorable in 
its essence and that which is good in its essence?” Having commended many of these 
branches of learning, and telling me that they were necessary, he dismissed me when I 
confessed to him my ignorance. Accordingly I took it rather impatiently, as was to be 
expected when I failed in my hope, the more so because I deemed the man had some 
knowledge. But reflecting again on the space of time during which I would have to linger 


over those branches of learning, I was not able to endure longer procrastination.*”° 

This is exactly what Eusebius and Lactantius refer to: many philosophers expected students to 
study the sciences, at least the quadrivium, before they could understand any more complex 
subjects. Instead of seeing the point, and rolling up his sleeves and getting to the hard work of 
learning something, Justin simply leaves and looks for an ‘easy’ school instead. 

Justin had previously opted not to study Aristotelianism, because, he claims, Aristotelians 
required a fee—though this would have been no more or less true of any other school, and in fact 
the Aristotelians would have required completion of the enkyklios as well. But clearly, Justin 
wanted a school that required him to do no work, and whose teachers required no pay. And he 
rejected Stoicism because, he claims, Stoics were agnostics and dismissed theology as a subject— 
though in fact the Stoics were not commonly agnostics and promoted extensive views on the subject 
of theology, they were too scientific for a Christian (as we'll see when we hear from Origen). He 
eventually settles in with a Platonist, even though any serious Platonist would have set the same 
preparatory science requirements that Justin attributes to the Pythagorean. So his entire account is 
absurdly fictionalized. But this still reveals that Justin had no interest in any education that 
required time or money—in other words, he had no interest in any real education. He wanted 
quick and cheap ‘wisdom’, and in the end that’s what he got from the Christians. This very 
definitely reverses the educational values of the pagan elite. Attitudes like this were sure to lead 
more Christians away from scientific content than toward it, and dramatically more so than for 
anyone else in the ancient educational system. 

There were still exceptions, and thus early Christianity managed to secure a few educated 
intellectuals who did not spurn the idea of reading a book other than the Bible. But many 
Christians who took any more positive interest in learning science or natural philosophy were 
actually branded heretics or the associates of heretics—moreover, there were not very many of 
them. For example, Paul of Samosata attacked a small enclave of Christian “heretics” because they 
greatly admired and devoted themselves to the study of the scientists Euclid, Aristotle, 
Theophrastus, and Galen—he even blamed their heresy on this very devotion.*”” I’ll discuss more 
instances of this attitude in The Scientist in the Early Roman Empire, but the most notable example 
is what happened to the Christian school of higher education established by Origen—who was later 
declared a heretic. This was set up in Caesarea in the early third century, somewhat in 
opposition to a more orthodox form of Christian higher education offered at Alexandria, though 
both of these were highly modeled on the schools of Platonists.’#4 These are the only two distinctly 
Christian educational institutions we know of before the fourth century.*”° 

We are fortunate to have a description of Origen’s curriculum from his more acceptably 
‘orthodox’ student Gregory, in a panegyric delivered sometime in the middle of the third century. 
According to Gregory, Origen positioned philosophy as only a preparation for the real goal of 
advanced studies, which was scripture. Gregory had already received a full course of primary and 


secondary education, and had even begun studying the advanced fields of rhetoric and law before 
becoming Origen’s student.**° As Lapin observes, Origen confirms the primacy of scriptural studies 
in a letter to a pupil, probably this same Gregory, where “Origen gives the study of scripture a 
rather stronger emphasis than did Gregory” in his oration, “even as Origen acknowledges the 
importance of the curriculum of ‘preparatory’ studies.”4?” But Gregory praises the whole 
curriculum, which as Lapin says, “begins with argument (dialectic), then moves on to physical 
studies, geometry, and astronomy, as well as practical ethics” and then “theology” and finally “only 
then does the curriculum turn to scripture.”“?° Notably, this is exactly the kind of demanding 
curriculum Justin and other Christians rejected. 


In Origen’s own words: 


Your talent could make you a perfect Roman lawyer or a Greek philosopher of the usual 
reputable schools, but I wanted you to exhaust the whole power of your talent on 
Christianity as your end, and because of this I prayed successfully that you would take from 
Greek philosophy those things that would enable you for Christianity, in a sense, as a 
general or preparatory curriculum, and also those things from geometry and astronomy that 
are useful for interpreting the holy scriptures, so what the students of philosophers say 
about geometry and music and also grammar and rhetoric and astronomy being an assistant 
to philosophy, we might say the same about philosophy in respect to Christianity.*” 

Origen then goes on to describe an analogy of the Jews despoiling the Egyptians before leaving 
Egypt. Like them, Christians rob from philosophy what is useful and abandon the rest, “because for 
some, ‘dwelling with the Egyptians’, that is to say, with the learning of this world, leads to evil,” 
such as atheism, impiety, and (ironically coming from Origen) heresy.**° Elsewhere, Origen draws 
the analogy that philosophy was also akin to the heathen virgins captured by the Hebrew armies in 
Deuteronomy 21, who could be taken as a concubine if they cut their hair and nails, thus trimming 
away all that was dead and vain, leaving only what is useful and in agreement with ‘acceptable’ 


doctrine.**! 


In a different context, he argues that the purpose of natural philosophy for a Christian 
is to understand the nature of each thing so we do not do anything contrary to nature, so we can 
know and obey the intentions of the Creator instead, and ultimately learn to “spurn and despise” 
the natural world and turn instead to the higher things of God. Therefore, to teach us this lesson, 
Origen claims Solomon established the original three branches of philosophy with his three 
canonical treatises, Proverbs for ethics, the Song of Songs for metaphysics and theology, and 
Ecclesiastes for physics.**? 

Here again we have the idea that the Bible is the ultimate science textbook, although Origen at 
least understood that the Bible had to be interpreted in light of scientific fact, and not the other 
way around—although that is the attitude that led him to beliefs that were later declared 


heretical. And Origen did imagine that natural philosophy involved more than a reading of 


Ecclesiastes. Origen thus argues that the Biblical Patriarchs also symbolized the same three branches 
as Solomon’s books: with Isaac representing natural philosophy, because he “dug wells and 
excavated the depths of things,” and that, Origen says, describes natural philosophy, which involves 
the thorough study of “the nature of each particular thing” and its “causes.”*°* So Origen had some 
idea of studying nature more thoroughly. Yet he still insisted of his students, “devote yourself to 
reading the divine scriptures first above all.”*°° Moreover, he prohibited his students from reading 
anything written by “godless” scientists or philosophers, which Crouzel rightly identifies as a 
reference to “les Epicuriens, et à un degré moindre les Péripatéticiens,” i.e. “the Epicureans and to a 
lesser degree the Aristotelians,” especially those of a more godless bent, like Strato of Lampsacus 
(all but forgotten now but then one of the most important scientific authors of the age), though we 
also saw Justin included the Stoics in this category of condemnation (declaring them in effect 
“atheists” and thus ruling out the Stoic scholar Posidonius, another widely revered scientific author 
of the age), and the Skeptics certainly would have been thus condemned, which left only Platonists 
as acceptable reading. Which explains why Justin, Origen, and all other early Christian 
intellectuals looked only to Platonism for ideas to cannibalize for constructing their own Christian 
philosophy. And indeed extant Christian philosophy in its first three centuries after Paul is 
uniformly most similar to Platonism. Yet Platonism was the least empirical of the pro-science 
philosophies, still plagued with a hostility to innovative and experimental science, an attitude the 
Christians appear to have inherited.*°” 

The actual aim and content of Origen’s curriculum were described by Jerome in the late fourth 
century: 


In his immortal genius he understood dialectics, as well as geometry, arithmetic, music, 
grammar, and rhetoric, and taught all the schools of philosophers, in such a way that he had 
also diligent students in secular literature, and lectured to them daily, and the crowds that 
flocked to him were marvelous. These he received in the hope that through the 


instrumentality of this secular literature, he might establish them in the faith of Christ.*°® 


Earlier in the fourth century Eusebius confirmed this general picture of Origen’s curriculum, 
noting that Origen gave advanced students a “philosophical education” including “geometry, 
arithmetic, and other preparatory subjects,” and then the major theories of the various 
philosophical schools, while to less polished students he taught a “grammar school curriculum,” all 
as an aid to the study of scripture.*°? Origens school thus provided Christians with a godly 
approach to the full enkyklios, followed by a higher education in “Christian-friendly” philosophy, 
culminating in the life-long study of the scriptures. 

Origen’s students had to have procured an elementary education elsewhere, and we do not 
know the actual content of Origen’s grammar school—it may have simply repeated the pagan 
model, with occasional sermons against the pagan content of the literature employed. Though 


many other Christians would have disapproved, Origen was not one to follow the crowd. He had 
already been kicked out of Alexandria for not kowtowing to the Christian authorities there, and he 
was ultimately branded a heretic. Origin’s program was also just as restricted to the privileged elite 
as pagan education had been. He also argued that the general public didn’t need such schooling, 
because they had labor and family to devote their time to, and “the full understanding and 
comprehension” of the facts of the world “will be granted after death” to them anyway.**? Even 
apart from that sentiment Origen’s small and unique school was available to extremely few 
Christians. Because it was not emulated elsewhere. Which is a pity, since his program was the most 
enlightened imaginable for the Christian mindset of the time, including considerable exposure to 
scientific content, in the form of the enkyklios and more advanced natural philosophy. Before his 
conversion Origen was educated in Platonism, hence again it is no accident his curriculum was 
primarily Platonic (or that he would be attracted to Christianity as a philosophy—most likely both). 
So if Plotinus, the leading Platonist educator of Origen’s day (whom Origen might well have 
studied under), could occasionally touch on sciences like optics and mechanics, Origen might have, 
too.**! Although his school’s rejection of “godless” scientists and philosophers and its emphasis on 
scripture did not make it entirely science-friendly, it nevertheless anticipated attitudes that would 
not start to become prevalent (at least in the West) until the late Middle Ages or early Renaissance. 
The fate of Origen’s school after his demise is also telling, since it essentially ended with its last 
student, Eusebius, only a century later, and we already saw above how Eusebius’s negative attitude 
was not at all what Origen would have hoped for. Indeed, it was apparently the very attitude that 
put an end to the school itself. 

The Christian school at Alexandria may have taught along similar lines, although under tighter 
dogmatic control from church authorities. We can perhaps get an idea of this from a Christian 
educator of the early 3rd century, Clement of Alexandria, who also commended logic, 
mathematics, and astronomy, but only in a very qualified and mystical way.“ Hence he adds that 
“one must avoid the enormous uselessness of mistaken thinking about irrelevant matters,” and so 
the true Christian: 


Makes use of an education (as much as he finds accessible and not a distraction) as a 
helpful preparation for the accurate communication of the truth and for a defense against 
perversions of reason that lead to abandoning the truth. And accordingly, he will not be left 
deficient in the educational curriculum and philosophy of the Greeks. But they will not be 
the central object of his concern, but rather a necessary, secondary, and merely 


circumstantial interest.*” 


By insisting that science and philosophy remain only a circumstantial interest to Christians, 
Clement seems to treat these subjects as closed and finished, as mere traditions that had only to be 
passed on, never expanded or improved. Two centuries later, Augustine of Hippo would make a 


similar point, that Christians ought to familiarize themselves with at least enough science not to 
look like fools when debating pagans and heretics.*“* But even he never recommends Christians 
actually do science, much less advance it in any way. Neither does Clement. 

Indeed, it would seem that Clement cannot even imagine a Christian scientist, or even appears 
somewhat worried by the idea. To him, science and philosophy must be subordinated to Christian 
dogma and studied primarily to arm the Christian against attacks upon the faith by scientists and 
philosophers. Thus, for Clement, science and philosophy take on the role of the enemy’s scriptures, 
a view voiced by other Christians, too.**° Even insofar as philosophy could help one come to Christ, 
it was to be cast off or subjugated once one arrived there, e.g. Clement cites the scriptural authority 
of “Solomon,” that “when he says, Be not much with a strange woman’ [Proverbs 5:20], he 
admonishes us to use indeed, but not to linger and spend time with” the philosophy and curriculum 
of the Greeks.“ In the end, even Clement’s limited approval was not yet representative of any 
wider Christian sentiment: as Clement himself was aware, most Christians avoided these studies. **” 

From this and all the evidence surveyed above, clearly in its first three centuries Christianity 
was usually hostile to and always far less supportive of science education than pagans of the same 
period. Science was not a major educational value for Christians in any sense at all. This must 
certainly explain much of the stagnation and decline in science and science education after the 
fourth century. Whatever recovery then occurred in the late Middle Ages and early Renaissance 
cannot plausibly be attributed to the Christianity that the medievals inherited (having had no such 
effect for over a thousand years), but can only have resulted from a change in Christianity—and it 
appears that that change consisted in the reintegration of pagan educational values.“ The 
evidence of ancient science education therefore offers no support for the thesis that the pre- 
Christian system of pagan education impeded science, or that the rise of Christianity in any way 
aided it. 
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402. Gamble 1995: 6. See also Jacobs 2011 and Sandnes 2009. 
403. Tertullian, On Idolatry 10. See Sandnes 2009: 111-23. 
404. Hippolytus, Apostolic Tradition 2.16.5. 


405. As summarized in Jacobs 2011. And besides following notes, see Pailler & Payen 2004: 265-67 and Sandnes 2009 (and, 
tangentially, Hauge & Pitts 2016 and Dutch 2005). Note also that Christians remained canonically opposed to allowing women to 
teach or lecture (on any subject, much less religion), following 1 Corinthians 14.34-35 and 1 Timothy 2.11-12, on which see Levick 
2002: 151-53. And adding to Jacobs, see Too 2001: 405-32 for Sara Rappe’s analysis of the Christian struggle to assimilate pagan 
education during the transition to the Middle Ages, while Kaster 1988: 70-95 discusses the divergence on this point between Eastern 
and Western branches of medieval Christianity. 


406. The Catholic Teaching of the Twelve Apostles 1.6, here modernizing an older English translation (from the extant Syriac 


translation of the Greek original, which may date back as far as the second century) in Connolly 1929: 12; cf. ODCC 479 (s.v. 
“Didascalia Apostolorum”). See Sandnes 2009: 102-10. 


407. Gamble 1995: 6. 

408. Ellspermann 1949: 1-3. For a survey of early Christian education see Marrou 1965: 451-71 (= Marrou 1956: 314-29). 
409. See Pack 1989 and Clarke 1971: 122-23. 

410. Gamble 1995: 6-7. His conclusions are corroborated in Sandnes 2009. 

411.1 Corinthians 1:25-30. 


412. Origen, Against Celsus 3.55. Note that this Celsus is likely the Epicurean friend of Lucian (addressed in Lucian, Alexander the 
Quack Prophet 1-3 and 60-61; cf. Origen, Against Celsus 3.35), but probably not the same as the engineer of the same name and similar 
date, and certainly not the same as the encyclopedist Aulus Cornelius Celsus, who dates a century earlier. 


413. Origen, Against Celsus 3.56-58. 
414, Eusebius, Preparation for the Gospel 14.10.10. 


415. Ptolemy’s epigram survives in the Palatine Anthology 9.577. Galen said essentially the same thing of a medical education, e.g. 
Galen, On the Uses of the Parts 3.10 and 17.3 (= May 1968: 189-91, 733). 


416. See the analysis of Copan 1998. 

417. Lactantius, Divine Institutes 3.25. 

418. Lactantius, Divine Institutes 3.26-27. 

419. Georges 2012, Ulrich 2012, and Sandnes 2009: 84-95. 


420. Justin Martyr, Dialogue of Justin and Trypho the Jew 2. Note the “Pythagorean’s” reason for requiring the enkyklios is precisely 
that it increases Hypothetical-Categorical-Abstract Reasoning (see note in chapter five), i. the ability to think abstractly and in 
hypotheticals, essential to science. 


421. In fact the earliest New Testament theology was very akin to the Stoic: M. Lee 2006; Engberg-Pedersen 2000 and 2010 (on which 
see the critical exchange in Journal for the Study of the New Testament 33.4 [2011]: 406-43), and Rasimus, Engberg-Pedersen, and 
Dunderberg 2010. But Stoic theology emphasized empiricism over dogmatism, and by being based on contemporary physics, was too 
materialistic and unspiritual for the likes ofa mystic such as Justin. 


422. Eusebius, History of the Church 5.28. See discussion in Walzer 1949: 75-86 and for background see ODCC 1242 (s.v. “Paul of 
Samosata”). 


423. For background on Origen see OCD 1047-48 (s.v. “Origen (1) (Origenes Adamantius)”) and ODCC 1193-95 (s.v. “Origen” and 
“Origenism”). See also Jacobs 2011 for Christian debate over the value of Origen’s educational ideals in the 4th century; and 
Gemeinhardt 2012 on the Origen-Gregory correspondence and its relation to evolving educational values in Christianity. 


424. Little is known of the Alexandrian curriculum, but for discussion of what might have went on at that Christian school at 
Alexandria see van den Broek 1995 and Osborn 2005: 19-24. 


425. The attitudes of these two schools to education (judging from the works of Origen of Caesarea and Clement of Alexandria, 
respectively) are well analyzed in Sandnes 2009: 124-59. 


426. Gregory Thaumaturgus, Panegyric Oration on Origen 1 and 5. There is some dispute as to the actual identity of this author, but 
his identification with Gregory the Thaumaturge is supported by Eusebius (History of the Church 6.30), who was using Origen’s 
library at the time (Carriker 2003) and thus would be in a good position to know, while arguments against the attribution are not 
very persuasive. Whatever his name, the author was certainly a student of Origen writing in the middle of the third century. See Trigg 
1998: 36-37 and 249 (n. 6); and Crouzel 1979 and 1969; with OCD 636 (s.v. “Gregory (4) Thaumaturgus”) and ODCC 713-14 (s.v. 
“Gregory Thaumaturgus, St.”). 


427. Lapin 1996: 503. 
428. Lapin 1996: 502. 


429. Origen, Letter to Gregory 1. 


430. Origen, Letter to Gregory 2-3. 
431. Origen, Homilies on Leviticus 7.6.6-8. 
432. Origen, Commentary on the Song of Songs pr.3 (cf. Lawson 1957: 39-46, 317-20). 


433. Such as regarding the nature of the resurrection, where in his effort to render it scientifically plausible Origen only guaranteed it 
would be condemned: cf. Carrier 2005: 123-35, 143-44 (with associated FAQ: www.richardcarrier.info/SpiritualFAQ html#origen). 
The same fate befell the similarly science-minded John Philopon in the 6th century: ODCC 896 (s.v. “John Philoponus”); OCD 1135 
(s.v. “Philoponus, John”); DSB 7.134-39 (s.v. “John Philoponus”); NDSB 4.51-53 (s.v. “John Philoponus”). Thus the Christian 
community remained hostile to such openly pro-science attitudes for a long time. Augustine’s attempt to revive Origen’s notion that 
scripture cannot refute science (Augustine, The Literal Interpretation of Genesis 1.19, cf. Sandnes 2009: 214-30, a remark not as pro- 
science as it’s usually now taken to be: see later note) received only mixed results. Bacon 2001: 5-38 [orig. published 1605] shows the 
idea still had abundant opposition within the Church even a thousand years later. See P. Harrison 2001 and 1998, Crouch 1975 (esp. 
pp. 37-90), and Lougee 1972 (esp. pp. 45-60). Their conclusions are supported by Kenny 2004 and 1998; Daston 1998; Eamon 1996; 
Lloyd 1973: 167-71; and Clagett 1955: 118-82. 


434, Origen, Commentary on the Song of Songs pr.3 (cf. Lawson 1957: 39-46, 317-20). As for the other two branches, Origen says 
Abraham represents ethics because of his obedience to God and Jacob represents metaphysics or theology because of his ladder to 
heaven. Similarly, Origen elsewhere identifies the Biblical Ahuzzath as symbolizing physics because his name means “he who holds,” 
and natural philosophy contains or ‘holds’ everything in nature (in the context of Origen, Homilies on Genesis 14.3, where he first says 
Abimelech represents logic, and his two subordinates, Ahuzzath and Phicol, represent physics and ethics, respectively). 


435. Origen, Letter to Gregory 4. 


436. Gregory Thaumaturgus, Panegyric Oration on Origen 13 (cf. 11-15). Other schools (like Pythagoreanism) were by that time either 
nonexistent or too scarcely represented to have mattered educationally, or (like Cynicism) already spurned natural philosophy. On 
Origen’s fondness for Platonism: Edwards 2012. 


437. See Carrier 2010; Platonist anti-empiricism of the Roman-era is best exemplified in Plutarch’s portrayal of Archimedes (which, 
though represented as history, is largely fictional, reflecting more the attitudes of Plutarch than Archimedes): Plutarch, Marcellus 
14.7-12 and 17.5-7. I'll discuss this further in Scientist. 


438. Jerome, On Illustrious Men 54. 
439. Eusebius, History of the Church 6.18.3. 
440. Origen, On the First Principles 2.11.6-7 (similarly Against Celsus 1.9-13 and On the First Principles 2.11.4-5). 


441. That Plotinus discussed such sciences: Porphyry, Life of Plotinus 3, 14, 20; that Origen might have, too: Eusebius, History of the 
Church 6.19. For more on Origen’s education and school see Clarke 1971: 125-29; Marrou 1964: 468-69 (= Marrou 1956: 314-15); and 
Knauber 1968. For a full discussion of Origen’s curriculum see Crouzel 1969: 68-70, 141-43, 186-95. 


442. Clement of Alexandria, Stromata 6.10-11. 
443, Clement of Alexandria, Stromata 6.10.83. Augustine, The Literal Interpretation of Genesis 1.19, 1.20 and 2.9. 
444, Augustine, The Literal Interpretation of Genesis 1.19, 1.20 and 2.9. 


445. For example: Tertullian, To the Nations 2.2.42, 2.4.47, Prescription against Heretics 7 (cf. 11-14, 21-28), On the Soul 1-2; Lactantius, 
Divine Institutes 3; Eusebius, Preparation for the Gospel 14.10 (cf. 14.13.9). 


446. Clement of Alexandria, Stromata 1.5 (§29.9), where he also draws on Philo (whose views we examined earlier). 
447. Clement of Alexandria, Stromata 1.9, 6.11. 


448. On this point see discussion and sources in Carrier 2010 (esp. pp. 412-19). 


10. CONCLUSION 


In the second century A.D. the Epicurean wit Lucian recorded a florid autobiographical account of 
how he ended up with an education in oratory and philosophy.“ Though not a natural 
philosopher, except in the sense that he studied philosophy and possibly the enkyklios enough to 
acquire a lay understanding of the sciences, Lucian tells us how he became a renowned and 
accomplished writer and orator. His story would not have been typical, but it is unlikely to have 
been unique. Though highly rhetorical, his account still reflects everything we have surveyed so far 
and exemplifies probably the furthest range of possibilities normally open to those outside the 
leisured class. 

Lucian says he came from a family of tradesmen—all stoneworkers on his mother’s side—and 
describes himself, somewhat hyperbolically, as the “working-class son of a nobody,” destined for a 
“low-born trade.” However, he was still sent to school by his parents all the way into his teens, 
which means his family had money enough to give him a full primary and secondary education, 
which already places his family in the minority among the population of the Roman empire 
(though still solidly middle class). His parents then planned out his subsequent education. Though 
they ultimately preferred that he follow the family trade by taking an apprenticeship to a 
stonecutter, they also seriously considered sending him to get more schooling. But they rejected 
that idea because it would require “a lot of work, a long time, no small amount of money, and 
remarkable luck,” yet they had little money left and needed income fast. This was no doubt a very 
common situation for working class families like his. So, his family reasoned, if he learned “the art 
of a craftsman” his apprenticeship would provide his own keep even as he was learning, reducing 
the burden on his family, while eventually he would graduate and start bringing his own salary 
home. However, Lucian did not like the work and persuaded his family to send him back to school 
instead, to gain him a career as an orator.“ And he clearly did well in that occupation. 

Lucian’s background was not one of wealth, but not of poverty, either. It was perhaps 
comparable to the economic situation today of the lower middle class: a family who struggles to 
make ends meet, but is earning enough to provide an education for one or more of their children, 
so long as they pinch their pennies and can count on making up their losses on the income of a 
college graduate. And yet Lucian was able to eek out enough means to afford his way through a 
full course of higher education. Lucian imagines others could follow in his path, so his 
circumstances could not have been too unusual, but they still would not have been typical.*°! Even 
Lucian’s family saw nothing bizarre in having educated their son only to prepare him for the 
ancient equivalent of a blue-collar career, which implies literate craftsmen were not unusual, either, 
even if again not typical. But besides completing and mastering primary, secondary, and rhetorical 
school, Lucian went on to study philosophy, declaring passionate allegiance to the Epicurean sect, 


yet he shows signs of enough familiarity with other sects to suggest he had studied under several, 
which was typical for a philosophy student. Though he never says how he afforded this education 
or whether he persuaded his family to underwrite his expenses, he clearly managed it, one way or 
the other—possibly by attaching himself as a client to a wealthy patron. And though very few, even 
among those who had adequate means, would have had such luck, initiative, talent, and drive, 
Lucian was still not alone in these respects, either. 

The reality for most Romans, however, is captured more generally in the late third century, by 
the Christian educator Lactantius, advisor to the emperor Constantine, who confirms that few 
advanced to higher education as Lucian did. Speaking of the many idealistic philosophers in 
antiquity who argued that everyone should get an education—men and women, slave or free— 
Lactantius says: 


They attempted, indeed, to do that which truth required, but they were unable to proceed 
beyond words. First, because instruction in many arts is necessary for an application to 
philosophy. Common learning must be acquired on account of practice in reading, because 
in so great a variety of subjects it is impossible that all things should be learned by hearing, 
or retained in the memory. No little attention also must be given to the grammarians, in 
order that you may know the right method of speaking. That must occupy many years. Nor 
must there be ignorance of rhetoric, that you may be able to utter and express the things 
which you have learned. Geometry also, and music, and astronomy, are necessary, because 
these arts have some connection with philosophy; and the whole of these subjects cannot be 
learned by women, who must learn within the years of their maturity the duties which are 
thereafter soon to be of service to them for domestic life; nor by servants, who must live in 
service during those years especially in which they are able to learn; nor by the poor, or 
laborers, or rustics, who have to gain their daily support by labor. 


On this account Cicero says that philosophy is absent from the multitude. True, 
Epicurus will receive the uneducated. But how will they understand those things which are 
said respecting the first principles of things, the perplexities and intricacies of which are 
scarcely attained to by men of cultivated minds? Therefore, in subjects which are involved 
in obscurity, and confused by a variety of intellects, and set off by the studied language of 


eloquent men, what place is there for the unskilled and ignorant?*” 


Lactantius thus sums up the reality of ancient education, including the difficulty of access to 
scientific content. For Lactantius, as we saw in the previous chapter, this was actually grounds for 
rejecting science and philosophy, for surely God would not make wisdom difficult or inaccessible to 
the common man. Therefore only simple, oral learning can be at all worthwhile—as long as it was 
suitably divine, as the Gospel was, hence “that alone is wisdom.”*°* As we saw in the last chapter, 
this was a common Christian attitude of the time. 


Yet Galen arrives at exactly the opposite conclusion from the same general observations: 


People would do well to find others to give an assessment of their own opinions. But the 
people they go to should not be of the same stamp as themselves, that is, untrained in the 
methods of logical proof, as well as in the other subjects (geometry, mathematics, 
arithmetic, engineering, astronomy) by which the soul is sharpened. Some people have not 
even enjoyed the schooling of an orator, or for that matter of a grammarian, which is the 
most widely available sort of education of all. They are so completely lacking in any sort of 
verbal training that they cannot follow the arguments they hear from my lips. When making 
a speech I sometimes notice that this is the case, and ask them to repeat what I have just 
said, for it is plain that they are like asses listening to music—completely unable to follow 
the sense of my words. Nonetheless, their arrogance or cheek is such that even when 
subjected to the open scorn of persons who are literate, for their inability to give an account 
of the arguments they have just heard, they experience no shame, but actually believe that 
the truth is known to them alone, and that those who have bothered to educate themselves 
have merely wasted their time. 


But it is no part of the purpose of my argument here to attempt the salvation of such 
people as those—a salvation that would be impossible for far better men than them, even 
assuming that they desired to be saved. For they are not at the age which lends itself to 
education. My work here, I hope, will be of assistance to the man of natural intelligence 
who also had that early training which gives him the ability, preferably, to repeat 
immediately whatever argument he hears, and at least to write it down. He must, 
additionally, be completely dedicated to the pursuit of the truth—this last condition 
depends entirely on him. The first requirement, though, is that of the right natural 
endowments for the pursuit of truth, and the second that of a decent early education. One 
who is not so endowed by nature, and who has been brought up to bad, licentious habits, 
will never have that desire for the truth, neither from his own personal impulses nor from 
the encouragement of others. I myself have never claimed to be able to assist such a person. 
As I have said, I can only help the man who is a friend of truth.*4 

This confirms several things: the presence of illiterates and the poorly educated even in the 
audiences of lecturing scientists; the wide availability of the trivium for those who could manage it; 
and the value of the quadrivium as well as the rarity of those who completed it. But overall, the 
point of Galen’s treatise quoted above, is that bad character can only be reformed by living a life of 
honest self-reflection and study, which requires a good grasp of logic aided by completion of the 
enkyklios, which is exactly opposite the argument of Lactantius, who claims that approaches like 
Galen’s are useless and never work, but that simple expressions of God’s wisdom, a brief reading or 
two from scripture, a little bit about heaven and hell, quickly reforms even the worst characters. 


Give him any moral reprobate, Lactantius says, and “with a very few words of God I will render 
him as gentle as a sheep.”*°? The Gospel is all powerful, while anything that actually requires an 
education is useless and ineffective. These two men are poles apart in fundamental values. And yet 
they are representative of their respective sides of the ancient culture-war between Christians and 
pagans in the early Roman empire.**° 

Nevertheless, Galen and Lactantius agree on one thing: to gain any significant exposure to 
scientific knowledge and scientific reasoning, one first had to climb the steep and expensive hill of 
basic education, at both the primary and secondary levels, mastering first the various skills of 
reading and writing and basic arithmetic, and then still have the time and money—and proven 
ability—to study the quadrivium (of advanced arithmetic, geometry, music theory, and astronomy), 
even if you planned to skip an advanced rhetorical education and go directly to the philosophy 
schools. This made the study of science even harder and more off-putting than it might already 
have been. It required an exceptional degree of money, discipline, commitment, and hard work 
even to get to the point where studying any science under any significant expert would be possible 
(although that remains almost as true even to this day).*°’ And though Tacitus, Quintilian, and 
Cicero all said a rhetor’s education would benefit greatly from a well-rounded education in science 
and natural philosophy, this was not the focus of a rhetorical education, and many schools and 
students no doubt failed to achieve their ideal. Only the wealthiest or most dedicated students and 
those pursuing practical or academic careers in philosophy or science were likely to learn very 
much. And even then, the quality of information anyone learned would vary, and many students 
would get a good dose of nonsense along with reasonable facts and theories. Though it bears 
repeating, it’s doubtful things were any different in the Middle Ages. Indeed, the situation was 
likely worse. 

We have also seen there was always less social prestige, or at any rate less social interest, in 
scientific research than in literary achievement and displays of erudition—accomplishments derived 
more from rhetorical schooling than anything like a scientific or philosophical education. But there 
was, nevertheless, enough prestige and interest in science to fuel its advance. Though science and 
natural philosophy had not become a primary social value at the level of educational standards in 
antiquity, it was not slighted either. Indeed, it is sometimes claimed that the Romans were more 
interested in writing reference books and encyclopedias in the sciences than in doing original 
research.*°® But there is no evidence of a lack of research. In fact, though there is evidence of a 
growing fad for reference books under the Romans, this would demonstrate a rising interest in the 
sciences, not a decline (as the multiplication of science documentaries on modern television 
similarly reflects), although whether there even was a rise is questionable, due, again, to Medieval, 
not ancient, choices as to which books to preserve.*°’ But the same values were represented even in 
Classical and Hellenistic encyclopedic work. Only when society had abandoned almost all serious 
interest in scientific research and the epistemic values necessary to it, as it did after the third 


century A.D., did the writing of reference books replace scientific research.*°° However, until that 


happened, ancient education worked well enough to fuel a slow pace of scientific progress, 
numerous scientific professionals received remarkably good educations, and even many laypersons 
came to be reasonably well educated in scientific subjects. 

There remained an enormous difference between Christian and pagan ideals regarding the 
value of science education and the extent of its pursuit among the economic and intellectual elite, 
but that would not impact society until after Constantine. Though even under pagan tenure the 
relatively low status of science in ancient education ensured that scientific knowledge and values 
would always be fragile (and thus they were shattered by the decline of the empire and the 
subsequent triumph of Christianity), this did not signify anything like a negative or hostile attitude 
from the dominant elite of the time, or even indifference (as science had pervasive respect), nor did 
it prevent the successful pursuit and advancement of the sciences. Any comparison with the Middle 
Ages must take all these facts into account. 


449. For general background see OCD 861 (s.v. “Lucian”). 
450. Lucian, On the Dream or Lucian’s Career 1, 7, 10. 


451. Lucian, On the Dream or Lucian’s Career 11, 18. The poet Horace may have had a similar story, his father financing his extensive 
education with an aim at social advancement (see OCD 704-07, in s.v. “Horace (Quintus Horatius Flaccus)”). 


452. Lactantius, Divine Institutes 3.25. 
453. Lactantius, Divine Institutes 3.26-27. 


454. Galen, On the Affections and Errors of the Soul 2.2 (= Kühn 5.64-66). Galen composed an abbreviated version of this same point in 
On the Natural Faculties 3.10 (= Kithn 2.178-80). For similar arguments elsewhere see Galen, On the Doctrines of Hippocrates and 
Plato 2.3.12-17 and On the Uses of the Parts 10.12, 10.14, 12.6 (= May 1968: 490, 502, 558-60). 


455. Lactantius, Divine Institutes 3.26. 


456. This culture war has been examined in regard to pagan and Christian attitudes toward miracles in Grant 1952 and Remus 1983; 
and in other respects by Fox 1987 and MacMullen 1984 and 1997. 


457. So Cribiore 2001: 1-4, 220-23. 
458. For example: Diederich 1999: 66-67. 


459. See Witty 1974 (although incomplete and outdated). On encyclopedism as in fact a pre-Roman fad beginning in the very heyday 
of Alexandrian science, see two chapters on the subject in König & Woolf 2013: 23-83. On the phenomenon in the Roman period: 
Doody 2009. 


460. The continued advance of scientific research through the early Roman Empire is briefed in Carrier 2010; it’s abandonment 
thereafter becomes clear by comparison. I will demonstrate this in The Scientist in the Early Roman Empire. 
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